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PREFACE. 



NoTWiTHSTAKDiNO that the subject of Strains has been ably 
treated of again ^d again, it is difficult in submitting this 
little work to the public to avoid the almost stereotyped ex- 
pression that " the design has been to supply a want long felt 
in the profession;" for the numerous yolumes which have 
appeared on the subject have not, principally on account of 
their elaborate investigations, been calculated to afford that 
ready assistance which in the ordinary run of office and other 
work is being continually needed, while on the other hand, most 
of the general Engineering -Pocket-books, not haying been able 
to afford suffi^nent space to do justice to the subject, have been 
compelled to leave its treatment incomplete. It is hoped, 
therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Caleiilationfl, without giving more 
than is absolutely necessary for the complete solution of prac- 
tical problems, both the above obstacles to quick and satisfac- 
tory manipulation may be overcome. 

One of the chief features of the present work is the exten- 
sive application of simply constructed diagrams to the calcu- 
lation of the strains on bridges and girders, the advantages of 
which as a system, most undeniably far outweigh its disad- 
vantages* The parabola (anything but a troublesome figure 
to draw) axid a few right lines are all that are required. 



It prifacv. 

There is, again, a more gengral application of the Moments 
of Buptore, and Shearing Forces, to open-webbed girders of all 
kinds, than has hitherto been attempted. 

It was originally intended to divide the whole work into 
three sections or chapters, similar to those actually adopted 
only for the middle portion (pp. 24 to 60), which chapters 
should correspond with the yarious processes in the design of 
a bridge, thus making the yery arrangement of the work a 
general guide. But it was afterwards deemed adyisable, as 
will be seen, to place the Moments of Bupture, and Shearing 
Forces, by themselTes at the commencement, as a. basis upon 
vrhich the remainder is principally founded. 

In the following pages will be fo^nd« almost necessarily, 
many omissions, but care has been takfftL as fsff as possible 
to ayoid inaccuracies. It will be obsery^ that attention has 
been paid to the arrangement of the matter in diflferent types, 
so as to jbcilitate as far as possible the manipulation of the 
contents. The work is not adyanced with the pretensions of 
a treatise, as no investigations whateyer are giyen, but merely 
their resvMs ; and these, it is hoped, in an intelligible and 
practical form, suited to the wants of the Engineer, Architect, 
Draughtsman, or Builder. 
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STRAINS IN BBAICS. 

m 

1. Trb stabilitt ov a loai»ed bsam or girder is founded on the 
equality that must always exist between the resultants ci all the various 
externiU foroes tending to eause its rupture, and the sum of the molecular 
^eaetions which resist tift same. The former may be resolved — (1) hori- 
tontolly into strains, depending for their value upon what are known as 
MomenU of Rupture, or Bending MomeiUi, tending to cause the failure of 
the beam, by tearing asunder its fibres in one part and crushing them 
together in another (4) : and (2) vertieetUy into what are known as Shew- 
ing Farces, due to the transmission of the vertical pressure of the load to 
the points of suppot-t, and tending to cause contignous vertical sections in 
the beam to slide over each other (171). The values of the molecular 
reactions are the Moments ofJSemtanee, for which see (904 — 814)* 

MOMENTS OF BUFTUBB. 

9. A1il»reviAtloiis adovAed m the VonanlsD* 

Mx = moment of rupture ai any point {x). 

Mai Mb a ,, at points of support (A, B), 

Mo — y, at centre of span. 

I = length of clear span sb distanee between supports in a whole 

beam =■ distance bebween W and support in a semi-beam loaded 

with W. Wliere used in any other waj iezplaustion will be 

made. 

X = horizontal distance between the left abutment (except where 

otherwise stated) and the point at which M is to be nand. 
W a concentrated load at any point (<1). 
w 9 distributed stationary or dead load per unit of length. 
le' =• n moving or live „ „ (W). 

Def. » maximumdeflection (991) for a beam of uniform section (MS^. 
I sK moment orinertia <^ the seeUon of the beam (for value- see 

9M— 914). 
S at modnlns of clastieitj (ITS) ; for value see 9S1* 

Other abbreviatioiia will be explained as they occur. 

S. Nora. 2| X, and other horiaontal distances when oeonrring in the same 
case, must be all of the same denomination ; and so also must v and v/. 

B 



t, Nora. — TiiB ™ln« o; 
Ui« vHioD of tlie lokd maktt, or tands to make tit ^par itirbea of tlie bean 
(t^^') ""* therrfow ocanpifwa togetLer tb« Gbrca in the (?PP"^ 
Mrt, oad sti«((ibe« them in the / ''>*er\ „^_ 
Vnpper/*^ 

i. In ths DllBHHB, the ordinetea (the Tertie*) diebuiMi from the 
boriiontftl, or otheTlineB) to ths csrvti, ftc., u ahown thereon, ODrreapon-l 
%0 the Yslaes of the focmnltB accompanying tbem. If the diagnra be 
drawn to n»l« in the mauaer directed, the Uomenti of Snptare may be 
obtained by direct tn"— — — ■' 




JW. =.^ 



The TBrtieal lines, as in fig. A. correspond to poaitive, and tfaoM at in 
fig. B to B^liTe values in the tormulffi (4). 

•. When a diagram is nsed in the eaioulation of the moments, it ahonld 
lie drawn immediately under, or over, and to tba same horbontal scale aa 
the oatlino atelch (is, III., and 59). of the girder itself, so thatlhe ordi- 
naUa in the diagram will correspond wiUi the several points in the length 
of Be girder to which they apply. 

t. ScaH-BUB FlxM M Oae End. and tAsdeal wtik m Crat«B- 
j^ J tnled Welsht at Hie Other, 

M»= -WI . . . (t) 
M,--W<i-x) . (4.) 
WP 

DiAQRAH. — Let A B be the beam (s, t). Dnw 
A C = W f . Join C to B. Then (he vertical dia- 
laaeaa between A B ana B wiU give the momenta of ruptttce. 

•• ••■tl-BSBB Ftied at One Bud, aaa Loaded wltk aereml Cob- 

mg.t. "-«"•«" ««««*«, W, W,. W. (ai,. 

IM. = -(WJ + w,i, + w.y . . .(4.) 
M, {W(i~*)+W.ti.-a:)+W,(I,-a;)}(4.) 
DiAaKAK,— Let A B be the baam {>, •). Dnw 
AD = W.(„DC = W,i„aiidA8 = WI. Jcria 
D to ^ E to W, and C to P, in the manner shown. Then the Tertical dii- 
Uncea between C F JJ' and E W B will give the momenUotniptiiie. 






«1* 

{MKi (w I) oOTiKirfraJed at (Ac tnd. 
lI.= -|(I-«)» . . <4.> 

Du«Mii.~Lat A B be the be«n (S, •). Dnw A = -^. Dnw tb« 
pu»b(iI>CB,wbow*Brt>iU«tB<>S*). Tlk«a tlu Tsrttin] dMuu* BeMMa 
Jl B Hid B wOl ftn Ui« BcasaiUoI niptiin. 



Lrt > * U« Uogth of tb« iMtd ;— ^^ *- 

WlMD « ii len UkW or e^ to (I - i), tJitii 

»•-— ('-4-> 

Wb«B « ii cmtv thu (I >- H, tluli 

H,= -j(i-«)« (4.) 

DiAouK.— lot A B 1m tb« bMU {s, «). At A enot A C = «f (i - ^). 

. Join to ft point in A B U the mid length of tlie loed z (u in the Fig.}. 

Draw the Niiii'puftbola D B (>sa) tbe ume u (or * beftm of the leu{th t, 

fnUj l«*ded (•). SheTflrdaaldUtuioeeboCweniABiadGDBfriU sire the 



. teKl-aew Vlze« M •>• KU. aa4 I«Mle« wltk • TiBl- 



M, = _(w(J-«)+|{I-«)») (4.) 



DuaUK.— Let A B be the beMn (I, «]. Dnw A >= -; , and A D- 
V L Dnv the puabole OB (*•!&•) vith it* renen at B (sn). 
Tb«o Um Tmclneli iHimiiin belmen D B and O B will glTs the moiinnti of 
mpton. TlUaUbataaoinblna(lanof(I|^d(*i. 



II. BMaSwaMMC M KMk EMU, •■« to>«(>« at tke CoBtra («•). 

H( = —^ (x being meainred from 

Duauif.— LM a B ba Hm b«Mn 
<■.«}. Atmid'ipan(rcctCW= -£■. Jain C to A nnd B. Thm On 
Tsniial dJtt4ai»a belvean A B knd A C, □ It will ely t)w momenia of rapture. 



W-Ji 



The grenteat moment vill iJvkji be obtained >t th« ptunt ef applioitioil 
Wat 
rig. 1. of the Iwid, and = — j — 

M. = M. - 0. 

Between A «ndW, M, = -j— - 

Wxn 
BetofMn B andW, M, = —r~ ' 



DiianiH.— Let ABb«(hebesm(S, <). AtWer 



14, ■«— Sappwr*^ at BbUi KmOt, & 



ITAi monenf ef rttpture ot ami 
pot-Kt prodwrd bg all the lotigktl u 
(Actum of tit moitmU prod¥^ at 
Ihai point bg eocA of Ikt leei^M 
tepamUdg (13 and S3a). 
Let there b« thrse weights, W, 
W„ W and let the legraenti into 
vhich thej eadi divide the beam be 
raep«cti«e1; a, i; «,, i, ; a„ b, ; tb«n supposing that x i> taken between 
W, Mid W.. 



M. - -^ (Waz-fW,a,> +W,i,x}, Uvisf ivf*'' *» t^* note ui (IS). 
H^ - M. = 0. 

DiaORAH. — L«t JL B b« (hi hovn (S, «). Dn* A C B, A D B, 
uh) A B B » for thm Mparate cues, bj (IS). Prodaoa W till 
WL-WF + WG + Wa ProdocW, DHIIW, K=T,H + W, I + W, D; 
ud »onfort1ieireigbfW_ nuking W, P = W, K i- W, / + W.B. Join 4 
toll, L toN, N tc P, Md PtoB. Thnlbe QrdlrMM fiwn A B to the pcrif- 
gonml flgnre A L N P B will chn thi monWDU ot rapoin. 

Ifoii. If tha weight* b* >11 equal, th* m^icmli >t the weight* repraMnting 
Uie mnmenU pntdueed then by tboM weigh t» im WC, W,D, W,£) will 
&U be erdinatea to » jianbaU (>s«) dmvn u for (It). 

The fbUowIng oitM {IS. IS) era ■<-. 
dllidDe fnquesLlf net with In pnunicB. 



IS. BcMH Ha*p*rt«« ■* BMk K>«e, mm* I«)i<c4 wllk Two B«Nal 
WeiRkte i>lM«4 1 
tke CcBtre.* 



Tb* DionKnt for an; 
tba weifbte i« ft 




■1 dlatucei between A B ud A O D B 



H at W, = M *t W, c= W (2 a + a') ; 

ooDalut from W, to W,. 

Mat W = MrtW. = 2Wo. 

M» = M, = 0. 

DrAaBiM.— Let A B be the beam 

<S, «). At W and W, eraet W C and 

W.P, eaoh aqoftl to {3Wa); and at W, aid W, ereet W, D 
V.S, eaeheqnal to W(3a-l-(i'). Join A to C, CtoD, D to ^ Bt 
and ? toB. Than the tertlnl dlMaooaa batwaeu AB andAODXr B 
gi>a the monuou of rapain. 




(tSf ), vbow onliut« tt oantre (C D) = -7— •nta 
liM«Bn AB ana tlM pknbola ADB iriU slva Om b 



IL«t V Md V, 1m tbe two wtl^lt, 
TIu Tkloa of tU IB >»lTnn^ in"Flf ^rf 
prodnccd at Mj poiat ia 

_, *M»g«M»nu«d fivm Um B«uMt 

;dar. Tba poaitiDs of w oaoaing tba paatMt arauat ia when 

J w, a IS 

'" 2 2(w+VJ' ''''"''•*'™''"8*'»"l««q»»l; »Jwi«-2 if 

K. = M. = 0. 

Duaux— LatABI>aUiabn>n(B, •). Dnw tLepumbolm AOB <tn), 

vboMDTdiii>taateantTa=-^^-^^^ At A and Banat AITMdBB- 

w.J. Job A to B and D to E Than the yertl 

and t2i* puabala A B wUI giTo the nuxliimin moa 



jl|[,.I». «»«'« «—«* \"). 

W« I* I* 

«M tof/ themeatent ot OMtra, and | 
Iht t^tHen produfi bg tit lam* 
load cimetittraUd at tkt eatirt. 
DM«MM.-Lat AB ba tba ba»n (I, %). 0. A B draw^ tho pwbda 

* AaiathscDBplHldciTingwbaalaiiCKlacomoiiTa. 



MOMBITTS or BUPTVRI. 7 

A0B(98S) wboM ordinate at centre =» , ■. Then the yertloal dis- 

o 

ftaaoee befevreen ▲ B and the parabola A B will give the moments of mpt^pe. 




M. Henai mipvmrted at Both Sads, miltfaet ta a Koa« wUliinaly 
B|etvi%«tad aver a cevtelB I«astli 

ftaM aMe.tavpart (45). . SHg.H 

Let % tqwd Hu hngth of the load, 
amd iHxbe meaaurtdfnm the ab^t- 
menifrom w&icA the load advaneet. 

The greatest moment pvodnoed bj a 
given length of load will oe at its extre- 
mi^a or wnen » s t, that is, provided the 

load does not eociend bejond the oentre of the span; fbr shoold || depassthat 
point, the greatest stnm will remain constant in posi^n at the gidspan, in* 
mreaslng in intensity mrtil the load completely eovers the spaa. 

WhffD « aii^ or more than s, M, » x-y — • 

— . . . , mm. IS « I « (a *— «) 1 . 

Whe«a!iale«timfl^ ^""T"}"* ""*!" ^ ^ ' 

DlAOULiL— Ut A B be the beam (l|, •)),^. M^t axtremity (G) of the lead 
dyaw OJ>^ ^*^f^'^K JTdn A to. P, ai»d B to D. Draw the parabola 

ABC (iiSf)y whoae ordinate at its oentre -t !!!fL ; the f v^ asif An* a 

8 

QBilbrm load on a beam AG. snopcrted at ▲ and 0. (I*)* Then the Tictical 
distaneee between APB and ABOB will gi^e the moments of rapture. 



f 1. Bmum ta»parfa« at Bath BiUta» mUH^ t9 • 1ml nllbnUj 
BlsSrflbvtad arer a aavtelB fteasth aae MiliiaJlag ta 

Let 9'*the length of ike toad. «!«, y^ 

Lef^thedUtameefirom^load 
to ike l^ ewpport; and Utxhe fMO- 
euired from vu eame tuppoH, 

When » s v» or less than v, 




When oris e(l«at to or or greater than (v + «)» 

When X is greater than v/and leas than (r -¥ i), 

w X T ^ «(«■»■ 2 v)l «•» 

Ma s M. « 0. 



Dusuic.— I«IABtMUiabeun(5,«). And lat tU kad Mrt«nd oi«r 
Um lasftit c At E, tb* oantra of (he htO, anet E H = !^^. Jpin 

SWAudHtoB. At C ud D, Uw utronHlM ef tke load, dimir pM^ 
WB^ m Jwi ta A^ ^IWMctiDg H A ud HB in F and 9 napwliTd;. 
JslaVwQ. ^C^ dnv tlt«|pHittK>UCED(tM), vhoM atdlMt«*t 
oNriM !■ «tn*l to ^, 1»w no* H «^ > dbtMlmtffl IgdA « » V«P) «r tM 

iMftk 1^ Kod npiintal kt C aad P (f«), Tl« U>* ▼■rtinl iHMuom bt- 
twMO A O X D B and A T S B wlU Kiri lb* WOmsDM Df roptan. 



■ Bm aV Tttt at BMk >K«a, nlWM* *» m K*iub« DIMii. 



iMt Mtha — 

£« a » a« InvA <if a« load. 
IDudaua »o«Mt at Mf paint, 



DiMiAK.— LrtABbelk«beaiii(».«). OnABdrawthaparaboUADB 
(tM), vboM wctinafa at oeDtr* = ^, Make OB- ~, Throagh B 
dmw B F paraM t« A B. Make tha hnruontal diituoe of F and B&oin 
AaadBnapBctiTdf (hOB) ■< -. The diagram tUI b* moeumta &cm P 
to B. Bnt fbr tha conatrtiDtion bajond IhaH }iralM pncaed aa fbllawi Dmw 
tba .«ml-ii«»l»la B B (*n) wboaa nrtax li M B. IfiVida C B Into ■ 'misibar 
cf parta ■(»&*«, and at the dlTiilon* dnkwiertloaU. At Iha flrat dlTiaion 
fr<niBtal»-(Bi)a(tba«aFti«ddiitaiicebaMran th< panboUo ana X B, and 
DBmaamincfromXB. At lb* aeoou* dMaltm takg ^ and an os, eonnUnR tlie 
diTlahn* from the KbaUneDt, and mewurlns from ths amalls Oowarl tmtaimlM. 
BB. fie Prtnuihai obMMd mil enable 3uioam^ „ .horni in the diSSmTw 
be Baood tbroanb. R«pe« the tune opention on the opponte em) af the beam. 
iX^ttrf <U«*«w«a bet»eCD AHSKB^dlrXBwiU givTlhe 



SS. Pslat* aC CoBtmiT nexarc, or of Indezioii, or of "no- 
oniratore," M they «re aonotimet ealied, an polnta at vUoli tba npner 
and lover nrfiuwa ohange from eoDveiitj to ooncsntj (t), and nra verrf 
(tea fig. S3). At ibeee p^ta, aa there it do eDrratnre then ia no moment of 
mptnre, &r tbe momenta of rnptnre are Uie . inteiuitiea a[ tha onniiu or 
besdfnc foroea (I). 



I (lU), fixed 1 
(Mt, amd tkt parU Af and B/' 



-K.--^. . . .(..) 



Wliera V. » O th«n %n p»i»lt ef oontrarfjkgitn, di>tuit tma thwr 
r«*p«cUT« {lien hj i I. 

piA»iu«.— Iicrt A B b« the bewn {«, •)■ A* mU-^" "Wit C W = — . 
At A Mid B enet AD (ad BB, «»di = ^'. Join D to B. •nJ C to A 

uid B. ThantheTSTtlcial diitanoMbeCwMnDS ud ACB wOl glra the mo- 
nunU pf roiium- 

TlM^tn'' of contrary fitxart (») w* at tha intsTMcVou of A C Mil 
OB, wilhSS, 



The U»glkf/' i. iimttftrf «iii (It), "w* a«iwrt» A/ oi«i B/' wM 

(111, tb» ocmoontnitea lo«l«t '}'■"'- _, „ 

eqoitl u twir Iba diMnknUd lout (m//^ 



M.-1 



Vhsra H. = 0, then u« the }wtn(< 0/ eontmrs jUxurt (S3), d'utant 
from A ud B respwitiTel; bj -211f. 

Sef. I- itoagf ■■ on« suorfn- tAof 1^/ tA< ian« &«im i/nofjIxfdaltAe 
mtdi. 

DusuK.— I4t AB bo Uu beun (B, •). On AB dntwtbe penboU 
ACB («st), whow ordiaate at centra OD ^ — . At A and B areot 



A B ud B F HipMliTSlj. M«ll Miiul to - 

AOBwUl b1t« tb< mODiaitt of niptnra. 



the panto 
kBF. 



Iff coMrorir Jleam («3), u« at Uia IntWMotion of AOB 



■Bda, nd KMdtNl BBlIMalr Ito «>Un Icastk (4T). (Bm S«.) 
I%< loiQthff <'ll)ft t(i«UtoaIt»M(»), (Md ttcpora A/ and 
_. . Sf vtHk (111; Uw omoMMnMd kwl 



.iHirihalMAou/A 



A/ = B/'-Y- 
DusBAX.— LrtAB In tfae bwm (», «). Oa A Bdnw tha pmtbola 
ACB(»5«),»bo«eordiiurto»toBntw(OD) = — —-. AtAudB (M«t 
A B uid B F nipeatinl]', «ub = ?"i . J<4n B to V. Tiun tho Tutio>l 



>L>*wa HoMU)ti M ItBvnie (1 



M.- ^(i -.)-«. + 

f(M.-H.). 
WboMlfa — 0,tlierB»ratbapati>to<t^«a)itreir|>jlexiirfc 
DUMUi.— Lot A B U a« (mmd (S, «). On A B dnv tlia ipuabok 
ACB{S3«), wliDu ordUato at osDtre C D = ^ — At A and B etMt A E 



KOKivH or Bnmu. 1 1 

iWlBV iMpeBtlnIr, Mki^ Al-H„aa4 B7-1I.. JmaHal. 
(iMBb* wdeal dlMuBwlMMnK BF wd AOB wfllglTo ths monwBlB of 
nptBi*. Wk«r*iri>ttnMUl.OB,tk«*will UlhajwMtto/eimltwir 



Bcuand from th* boImcI 
mi). 

ml* 
IL - 0. M. = - -g- . {*.) 

31 9ml* 

A/- -j-.t M «t aidny batwwn A ud / --j2g~* 

DuoKiM.— Ltt A B b« til* b«Mi (t, •>. On A B dnw tk pumbtk 

' ACB(in),wh«M ordlDkte fti«ntnCS = ^. At B, the fixad «*a of 

tlwba>M,«astBE=-^- CD, J^AtoX. ThaiUuTMiaadlAiiaN 



tUMond from th* onfiMd osd). 
■ I' 

H ftt nidvftf botween A and / 

■ IT' 
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DjAQRA]c.r~Let A B be the beam (5, O). On A B draw the parabola 

tol^ ■ 
AG B (iSS), whose ordinate at centre \G D) » -~. At B, the fixed end 

of the girder, erect B E » M, « ---. Join A to B. Then the vertical 

o 

diatanoee between A £ and A C B will i^ve the momenta of mptore. Where A B 
interaects A C B, there is the poitU of contrary JUxwx (SS). 



«tlja«Mu fop tw* •» M^rv'RIirhtlj ProporClMicd * 
%wmmm* sabject to a StatloBarjr I,mmI, VBlCarwly l^iatrlbat^Nl over 
Ita CBtfn lABfrth (SO). 

AU suck eaH8 may he regarded a$ eomhincUumM of eome of the ea$e8 
previously given (24 — )•). For if, in anj of the latter, the beam, instead 
of being l&xiesd' atone or both ends, be continued over a support where 
driginalij fixed, and subjected to the action of a load, which shall produce 
at the point of support a moment equal to that produced there by the 
first load when the beam was fixed at that support, then the momenta in 
the original length of the beam will remain as they were^ and will sot be 
affected by the substitution of the continuation for the fixing. 

Fiir. ts. 




Let AF be a beam continuous over a number of equidistant piers, 
B, C, &c. 

If the beam be of uniform strength (IM), the outer spans (A B and 
B F) should be I the length of the others. If of uniform section, the outer 
spans should be 789 the length of the others. (See lis A. ) 

The end spans may be reg^u-ded as identical with (SS) or (M), and the 
remaining spans with ()t4, 95, or 26), so that the moments of rupture may 
be obtained from the formula or diagrams there given. 



31. ContlJMiowi BemBs, nmt off IJBifi»PB fitoetlon* uahieet t» Vmrwimm 
iioadsji.. 

^ It would, perhi4)8, be impossible to give mathematlcany accurate formnle fbr 
the moroents of rupture in continuous beams, with moving loads, that vrould be 
Worth anything for practical application. A well-known author f has even pro- 
nounced the case ** too complicated for investigation.*' 

f he following i^prozimations, however, may be relied on for M^/Mjr mikmU 
extrw^aganee. 



S9. B«am of VnUiaPB Stveastti (IM) fi»r the MaxiHiwM MimlMW 



* By rightly proportioned is meant, f»oportioned so that if the beam were 
ttxed on any one of the piers instead of continuous over it, the moments pro<1uoed 
there by the two adjacent loaded spans would be equal. Then if this condition 
be'obaerved the ca«e will include besms not uniformly loaded throughout. 

t J. H. Latham, Esq., M.A.—" /ron Bridgti,*' 



/ 
/ 






(Sm 113 A.) 

The grtaltit aumatt i>««r tlu pier will bs prodnced vh«a both ipuu are 
(nil; leaded. Eaob spaa will tluD ueai'lj sorrespond to {as). 

Tke grealetl potitive H) moiMnt will abtain io tbe epu follj lokded, 
when the other mpui be&n onl; th* flitd load. 
Let w = fixed load per unite of length. 

i^— varying ,. „ 

and let « be alwaja meaiiit«<] from an abatment, aud not from lit 
pitT. That, 

Uazm. pctUtve («) moment, M, i» 5 — js . 



lUx. Mg. mom. H, = g (w + »') (2 1 - 3 *), or 
at anj other ; , 

^*' M, - -5- (I - a:) - -j^ (2 «. + «■), 



By making If. 3 O in the Gnt and Ixt equations and then findinR the 
vMne of X, tbe liiaita of deTiatiot of the puinta of orailnuy flexure (>3) 
loaj be obtainad.* 



DuaiUM.— IiatACBbethebeun(5,«J. On ACdrawtbeparabolaADG 
p 
•31), wboae oidiiiBte at oeotre DB^ (w + w')-;,aiid<aiCB draw the 

parabab C P B {»»»), whom enUnate at eentie P O = -j-. At tie oentre 
■ If(ii-) be not BToaler than C^ii^ ^, the bwm will nqalrehaldliis 
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per traefc C H » = , aad, ueMttrinf from G^ Bwke G K =: 

-;; jj^ , Join H to Af and K to A and B. ThenihoTerticiadialMieos 

betir—tt Iteponbolie tro ▲ D L and A L win give the mayimma positiTe (4) 
»Qin«Dte. The Tortical ditlanoea between N H and the are N LC, or those bf^ 
tweenX M ihd OFM^wkiekuMr te tkt grmUr^ will giro the maximtim negatiTe (4) 
twrmwtn- ^^ pohUt of etmirwrjf JUxwrt (ft) will apturoaeh at near the 
MntN pidr •■ Is and reoede from it at far at M. (See foot note, |». 18.) 

]^dMI,'B-The Tarions Talnee, Ac, giren above, applj equally jto both the apoaa. 
The diagram above is drawn to ecale, on the suppoeiaon that the ndUng load 
it i tb# intenelty of the Used load. 



St4 mmtam. of VWUtam M*«a«tli (IM) t&v the MiizlmwM fltnlM, 
wttaneaa orer tw« or atove Pieva, aahtleci t%. » Vtxed Eea# ITai* 
ttinly MatHtarteC mmI «!■• !• ».lIeTla« !«•« (ft). (See 113 A.) 

J!IU flki«i»«M» momemi ever awy i>icr will obtain, when oolj the two 
a4)*oent ipani, and every alternate apan from them, are aimnltaneooaly 
kNkded witk the fitateat load, the remainbg qiana anfltaining only the 
fixed load. 

Tlu aMMtfliiim moment at Ike centre of any epan MM obtain when it and 
tba alternate apana from it are fally loaded, the remaining apana anataining 
only the fixed load. 

Let « ss the fixed or dead load per nnit of length. 
v/ s the moving or live i, „ 

V s either outer apan. 
{ s any other apan.* 

fhdfi, tiifi ttajdmitft negaUot (4) moment over any pier, B or C, 

ICaximnm mgaino (4) MMment between any two pien (t.e., in any 
inner apan, Q, 

(poaitive TalttM Of which mnat be diar^iarded). 

Maximnm |Mtdtee (4) momenta between any twopiera («.«., in any inner 
apan, Q, 

(negative Talnea of which mnat be diar^garded). 
For ttther enter apan, the maximnm negative momenta, 

«. ---^^ <«-*)- 8f- (t+t)' 

(poaitive valnea of which mnat be disregarded). 

-II 1 •"" '- I - -- 

* If there be hot thi'ee spans, a modification of the valnea hereafter given will 
be necessary, which see. 



n poiilim mommU, 

*(w + «0 ,, , twxP 

"'= 2 — <'-*>-- saT' 

z iMing metanred from the tbntment. 

If uiT of tba foT^oiog eipre«sian> for U. bs made eqoal to 0, tbs Tft1n« 
dT X obtained from thsm will gire ths poaiUom of tha pointa of oontmj 
flexate (is).* 

iron, — Iflht btam bt toiiiiittiout for Arte tpaiit omtjr, I, MaowSdent 

gnen to it - —5 — 



DuoKUi.— Let ABC (S, •} be part oT the beam. On BC draw the 
parabola B D C (a»), who>« ofdinato at oratie (D B) = <*° '*'^( l1. 
Ob A B diav the paraboU A F B {an), whoae ordinate at centra 
(P Q) -= il-tJ^'- At B and C ereot B H and C Jf mpeetiToIr. 

*'>^'"7 I'^T'+'T'I' -Join A to H and H to J. Meaauriag (com B and 

» \ 7 2 » j^p 

0, make B-E ud L, eaah = ~ao~- ^<^ A to K and E to L. 

The nniCBl dlMuoe* between A F O F nod A F give the maxiiniim poaHire 
momeoti for eitber ooiari^; and Uioee between mMDN'M,, end MH, Ktve 
(hoM for aor inner ipan. Tbe Tertiol dJetances bet*»a O H and O F B irlve 
the maximum ng^aUTe momenta tor the onter (pans ; and thnae between H K 
andBKN, or between H' J and tCK, 0, jrin tlie maiimiun negaure momenta 
Tor Any Inner apan. 

Tbe pointa and F, and M and N or H, and N', ahow the limita of 
deTiatittn of thepowtt of eotUrarf J[txurt l%3). 

The dlaftnm abore ia ^wn to acala. on (be eappotUion thai the intenailf of 
tha rolUng load ia ons-baU ibat uf the fixed load. 

* ir(^^ be not greater than r^'*'^"'n . the beam will reqnire holding 

down to Ifaa abntmenta. 
t M.B.— The note giren above (Cor the nine of I in the formala) miut be 
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33 A. Note. — Tbe moment of rupture at any point, produced bj sereral 
loadft acting simultaneously on a Learn, is equal to the sum of the moments 
produced by the several loads acting separately. 



SHEARING FORCES (1). 

94. Abbreriatioos : — 

Let P and F ** the reactions on the supports due to tbe total load 

on the beam between those supports. 

S Hj: = tbe shearing fo^ a at any point x, 

to » distributed load per unit of length (ei). 

W = total load concentrated at any point (ei). 

X = distance from left-hand support to the section at 
▼hich S H is required. 

I s length of span. 

Other abbreriatlons will be explained where they 
oceor. 

35. In the DiAORAMs, tbe ordinatet (the rertical distances from the 
horizontal or other lines) to the curres, &c, as shown thereon., correspond 
to the Talaes of the forniule accompanying them. If the diagram be drawn 
to scale in the manner as directed, the shearing forces may be obtained by 
direct meaauremerU, See also (e). 



36. Ctonerai R«le tor deteraljalBS the fthearins Force at mmj 
VtOFt mt a Beam BM.4k undep aajr ]>lstrltMitlOB off load. 



Fig. 26. 




Let it be required to find the shearing force at any point (C) of a beam. 

Let W » the load between A and C. 
W« „ BandC. 

Then, SHatC = 

S H. = P - W, or = r - W" ;— 

the greater of the two values to be 
taken. 

At tbe supports, W or W = ; so that the shearing forces there are 
always equal to P or P'. The above values hold good for semi- beams. 




Fixed at One End, tree at the Other, and Loaded 
In any Manner (8). 



The shearing force at any point P is equal to 
all the load between that point and the unsup- 
ported extremity. 



. HpiBl-lMiiun riled M Ose Bnd <uU, ud malfonilr Xoade4 It 

™ L«nBtl> (•). 



• Fixed at «Be End si 

■d Blao witb H fMn 
lu free BxIhhIU' (II). 




DiASuv. - Let A B be the beam (3B), Make 
A C - « I, Join C to B (m in 3fl). Make 
A D and B B = W. Joia D to E. Then tlie 
TerUail dliUnceB belvreen B and D S wUl give tha 



DlAOUK. —In Kg. 30, (ha sbearing tctam (36) for UilB nue ara gi»eD by Iba 
•artieal diaUncea bBimsn C D and A B, A and B D beiag each •• — . . . (13.) 

- ■«■■ HBDPSrted «[ Both End*, ood Eoaded wl(b a CoH- 
,_^- _. _. mint (13). 

wa of W bom tbe support! A and B 
= S H, , Bonatant between A and W. 



uppoud at ^ 



,,_ . '■ Tlie greater of these two yalnea to be taken. 
Or. -T.LJ| 

S Hi = S H. = W. 
DuciUM. — Id Tis, M, tbe leitieala A B and B F at aittier extmnilj oT 



Hwn mn made •qiwl to W ; K joined to B, and A to V. Tbt raitlial dia- 

M between B K F ud A B gltt Ibe abeuing forceB. 

k Btaana ar Ike SheulM> Farce* Is m whele Bcmb with a 

'"'' A B ii tba beam. A B and B P are 

equal to W. 

Whan W is in the eratre of tha beam 
(K), Ihe Bhettcing force for the wbula 

length of the beam aqoala ^ = the 

2 
rartical diatance betwuen C D and 
AH. 

When W ia at anj other point (Q), 
the ahearing fonea ia the two •eEmenta, K P, Q S, are inTeraeJ; aa Uie 
lenetliaoftbeaegnieaU. The Terlical ilixluicet iwtween A B and It P Q S, 
give Ihoae nbrariog furcea. 

When W roEla from end to end of the b«am, tha ahearing forces are ai 
the vertical dlitances between A B and B K.F. The points F and Q will 
alwaja be poinU in either B fi of A F. 

44. BrsiB HBpnirt«4 M Botk Kadi, «ad fcandej BHlfaFMlr lu 
RHilm t«tuatii(i9). 

Fig-i"; 8 H. = S H. = P = r = ^. 



SH.= ~(2--'> 



^^^^^^^^^^^HHHH The lign of the nanlt to be diaregarded. 
^^^^^^^^^^^^^ At mid-ipan, 8 H = 0. 

DfiokAH.— Let A B be the beam (3S). At A and B erMt A C and B D, 
each equal to ^-. Join C and D to the mid-apan, E. Then tlw Tartioaj 



B^H 






H^BBH developed at the point ofjunction of the 




^^^^n loaded aud nn1o>idod aegmeDte; in which 




^^^^^m caee let x also represent the length of the 




H^^^^^ load. Then, 




SH,--<'-^'') 




21 (The greater of tha two Talnci to ha 




__„,? i taken. 








" 21 ' 




tBl Ol 




S H. = S H, = -J- At mid-apan, 8 H = -g- 



SHEARING FORCES. 19 

DiAGRAir. — Let A B be the beam (3ft). At A and B erect A C and B D 

w I 
respectirelj, eacU ei^aal to -^. Draw the semi-paraltola, C B B (933), whose 

Vfl 

vertex is at B, and ordinate B D = n'. Draw the semi -parabola A E D 

corresponding exact)/ to C K B. Then, as the load advances from either 
pier (bay A), the shearing force developed at the junction of the loaded 
with the unloaded ap^)^ ^'iU be represented by the vertical distances be- 
tween A B and A B P,. When the load covers the whole span, the shearing 
forces will be as in (44). 

As the load is liable to advance from the pier B as well as from A, the 
maximam shearing forces for all positions of the load will be given by the vertical 
distances from A B to C £ D. 

4«. C;«aenU FomalfB Ufr Oetermlnins the Reartion of tlie 
Sapports, luid tjhe l^beMrlnfr Forces in the c«se ot Contlnmm* 
Beams mnA Beams whene Exiremllics are Fixed, or sobjeet t4» 
the AetioB of kmowa Moments of Rupture (97). 

Let A B be a beam, subject to the action of the moments M^. , M, , and 
let tlie beam be uniformly loaded. 

The notations as before. 

r-T+ I ■ 

^ %fil M, — Ma 

^ 2 ^ l^ 

The shearing force at any point distant x from either pier, is found by 
subtracting {wx) from the re-action of that pier produced by the load between 
A and B. 

The values of P, P' are the pressures on the piers pro<)uced by the load 
between A and B only. Should there be a load on the beam continued 
beyond these points, the pressures similarly found roust of CQurse be added 
to those above for the total pressures on the piers ^16'i). 

47. Beam Fixed at Both Extremities, and I.<»aded uniformlj^ 

(«5, ac). ^ 

Exactly the same as for (44). 
PiAORAir. — The same as in (44), which see. 

48. Beam of Uniform fittrenyth (Ittft), supported at One End, 
and Fixed horisontalljr at the other, uniformly Lotuied it<i entire 
Lenvth (»9). 

10 I 

At the unfixed end, S H^ = "t** 




2wl 
At the fixed end, S H« =» — o~' 



c 2 



S Hi = V I ^ — z), X being ntMured from the nafixed end. The lign 
of (h« rMolt to be diinguded. 

DusKAM.— Let A B (Bg. 31) be tbe bom (U). At (be naSxai ana (A> 
•leot A C - "-, and M the tied end (B) erect B D = 2 (A C). Join 
ud D to B, dietant ) I froni A, or htlf-my between A and the point of 
eontncj fleiure, / (*3). The Tertlck] dlstum batirani & B uid O B D will 
fin Ui* ihMrlng lonx*. 

Thi Unglk A/i'j idtntieal leith A/ (Gg. 22), and tht ItnglhfRmth 
/S (fig. 22). 



4>. 1 



8 Hi =: v(-^ — «], X being* msuared from the unfiled end; and the 
ugn (tftbsneatt bung diiregkrded. 

DiJiouH.— I>t A B be Um beam <SS). At the unfixed end (A) 

8wl 6 w I 

erect A ff = -3-, twd »( the fixed end (B) eieot B D' g— , Join ff 

and I/ to B*, distant | l from A, or mid-war Iwtween A and the point of 
oontrar; fleiore, /' (*3). Thenllk*TerticaIdistaaceiibcliT«u A BuulCK'D' 
irfll BiTs Uie ehMnog Ibroa. 

TktlmgtkkfU idmtieal wifA A/ (fig. 21), ami /'B tntA/ B 
(6g. 21). 

#•. C*bMbhiu Buhb with nxe4 uWiivIt :^btrlbatc« EfJl 



■M ar KnlteFH BtmKtU (ISS) Av the ■t)|iim»> utiiKlB*, 

eoBtlBaau tor twm *«wil Itpauu. 

^K' ^ . HblMt M a Fixed l«Bd uUfomlr 



4 (U). (See 1131.) 

H^^^^^^^^^^^^HH T]ie maxiniDm ihearing fbroi at eititi' 
^^^^^^^^^^^^^^^H a£ulm(n{ will obtiun Then it* ipan onlj 
^^^^^fl^^^^^^^^H uutainf the moring load, 
^^^^^^^^^^^^^^^ The n^iimam ihearing forae 0/ lit 
ttntrt pin- will obtain when both apaut fta full; loaded. 



The total masfmiim prennre im tbe centre pier, when both epans axe 
folly loaded, will be twice the above mazimam •bearing.foroe at the pier. 

Let «< « tbe moriogload per unit of lenj^th, the other notattont at before. 
Wkt following are the mazimnm Talnee* :— > 

At eiUiier abutment, S H^ = ^ (4 « + 5 tt^), or 

At tbe centre pier, 8 Ho - ~(w + i^ or 

o 

At any other point («), 



Or, =(j -«)(« + HO, 



The greatest Talne to be 

taken ;f « to be mea- 

rared from the abat- 

ment, and the ngn of 

I I the resalt to be diare- 



A« the load may be sappoaed to advance from either abutment right 
aeroM the beam, on addUion mmt be made to the above valaes for S £ 1 

being eqoal to -g- when x is about eqnal to } 2, and gradnally diminishing 

ai « gets more or lees than ~. (See tbe dotted carve in the diagram.) 

o 

DiAORAK.— Let A C (fig. 85) be one span of the beam (S5). At the 

abntnient A erect AD»-;r(4w+ 5 w'). Make A B » ~ (10 + w% 

At G erect C F = twice A E. Join B and F to M, distant ) I from A. 
Tbroogh D draw D N plrallei to B M. Sketch in a curve similar to that 
(dotted) in the figure, making an additional depth to the ordinates, at the 

point of minimum shearing force, of W --. t Then the vertical distances be« 

Iween AG and DBTF may be considetedto give the Tnaxlmnin shearing fbrcee 
for either m>an. 

S9. Beam of ITwlfbrm gtvemrtH (l^S) for the nlaxtmnm Strftins, 
CoAttnuoas over (wo or more Piers, MiMeet to a Fixed Xoad 
waltormljr Blstrlbwted, aaid also to m Movlny I^mmI (38)« 
113A.) 



* Approximate values corresponding with the moments of rupture 39. (See 81.) 
t The last of the three values in the shearing force in one span, when the other 
only is fhlly loaded, the addition however made for the load oeinff a moving <me 
will enttrefy cover it. 

t An exaot expression for the value of the shearing forces developed by a load 
gradually advancing across a continuous beam of (about) uniform strengUi, would, 
even if it could be obtained, be most complicated. The process here sngicested, 
however, though necessarily only approicimate, may be regarded aa practically 
safe. 



>r Ct wilt obtkii umolta. 
DMBilj with the : 



For BDj inDBT ipuw 



« being ueunred from the DMnr t«er. 




Pot dUiOT oDtn ■pan— 




«H-<-')|-W 




At Uie iner. 




8H. = |C + *',. 




At Mj other pobt, 




Or, =(» + -')g-x). 


f The grwUr of than tr- 
lii«i to be taken, ud 
xtobemeuaredfrain 
the.b»to..„t 



bj — ^ and — T~ raspectiTtlj ; and thia addition, graduallj diminished, 
niiigt he made far tame diiLuioe tnt either tidt of thoee point* (see foot 
note (±), p. 21) aa ahoHn in the dinEntm beloir. . 

// tie beam be eontamotu for Arte tpani oftly, the aboire formnlDe 
m uat be modified aa directed an the uext pogt- 
VIg.X. 



DiiOBi«.— Let A B C be part of the beam,(3»). For any inner apan 
lasO— At Band C erect BG and CH,eaoh=f^ + — 8~/" *'■''• ^^ 
and CE each — 5(" + «'). Join D and E to the mid-apan, and draw E 
and K H parallel to D F and F E reapoctiTely. For either onter apan (aa 1') !— 
At B erect a perpendicular = ^ {» + w'), which, if f - '— , will 



SUKA,RIMG FORCES. 23 

coincide with B D. At A erect A L = i D B. Join D and L to M, 

I' Z w I* 

distant 1 Z' from A. Make A == - (to -i- ftf') - -r^ry . DrawONparal- 

lei to L M. At T and K sketch in cunres,* similar to those io the figure, 

giving additional depths to the ordinates there of —r- and -r- respeo- 



tiTely. Then the yertical distances between O T D and A B may be tonsidered 
to jeive the maximum shearing forces for either outer span, and those between 
G V fi. and B for the remaining spans. 

If the beam he con/tnuoiu for three epane only, the Talue giyen in the 
formuln for S H. and S He , and in the diagram for ^Q and C H, must be 

ilZ w -¥ 1^ vf)l L* /2 to • lo'v 
altered to ^ ^ "*■ Tz \ T" "*" s" J * *"^ farther, the Talue glTsn 

to 8 H« for the inner span must be altered to = S H. — « (w + v/\ 
in which latter expression 8 Hb must have the yalue just assigned to 



* See foot note ($), p. SI. 



24 DKSir.B OF BRinCXS ANU GIRPKRS. 



FLANQBD GIRDERS, ARCHRS, AND SUSPENSION BRIDGES. 

ftS. In the l^iiiKtt •f a brld««, girder, or other similar siruetare, 
certain parts of which are sapposed to resist certain ttrain*,* the TarioiM 
processes are followed out in a progressive order. When the data do not 
extend bejond the amoont and nature of the load, and the width, &c., of 
thtf obstacle to be crossed, the processes will be as follows :— 

I. Determination of the kind of bridge or girder (54). 
II. Determination of the general erote eection, and mi^or proponione 
of the Mtmcture (58 — 58). These enable — 

III. An outUne tketeh to be drawn (59). 

IV. ApproximiaU ettimaiion of the weight of Ike struetture («0, ef). 

V. CahukUion of the strains on the various parts (M — \99) (which 
■timins mast be figured on to the outline sketch), at as many points 
as will be .found necessary for the accurate— 
YI. DeUrmination of the amount of material to resist the strains on 
the yarious parts (1«8 — 173). 
YII. Distribution of the material in the vairious parts into a form of 
cross section best suited to resist the kinds of strain brought upon 
them (174 — IM), haying regard to— 

a. fadlitj of construction. 

5. adaptation of one part to another in contact with it. 



SECTION I. 
Determination or thb Natvrx, Principal Dimnnsiors, xto., of tbe 

( BrII^QN OB GiBDXR. 

* 
(Embodying processes, I, II, III, aboYe.) 

54. The first operation (I, 53), that of determining the hind of bridge 
or girder, must 'be. left entirely to the discretion of the designer ; at least 
no rules can be laid down for his guidance : the several conditions which 
would influence the decision, such as nature of site, obstacles to be crossed, 
facilities of construction, Ac, being infinitely diversified. 

55. Th« ireneTAl cross seetioa of a bridge must also be left to the 
experience and discretion of the designer, as no definite rules can be given 



* The system of regardinar particnlar members or parts of a girder as resisting 
the particnlar strains for which they are adapted, and these aloue, is perhaps tlie 
most generally received. (See 6^ and 191.) 



CALCULATION OF STRAINS. 25 

upon the qaestions of the relative advantage and economy of the inaoy 
systems which have been adopted and suggested. 

QENRRAL PROPORTIONS. 

M. The central depth of straight independent girders may he made 
from ^ to -^ of the span. The greatest economy of material is perhaps 
ohtained at ■^. 

For continuons girders, or girders fixed at the ends, the depth may T&ry 
from ^ to 2^ of the span. 

ST. Where convenient it is in most cases advisahle that girders 'with 
fixed loads and with oblique or curved flanges or booms, should have their 
depths varying as the moments of rupture (1), that is, as the ordinates in 
the diagrams (S) given for several canes (7 — 33) of loading, &c. (76). 

It follows from the above, that bow-string girders, arches, suspension 
chains with stationary uuiformly distributed luads, should (the latter wtU 
nearly) have the form of a parabola (232). 

68. Diagonal bracing will, as a rule, be most economically disposed at ' 
an angle 0^46** with a vertical. 

50. The design having, as supposed, advanced thus far, it is advisable 
that a skeleton elevation of the bridge or girder be drawn to a moderately 
large scale, that the strains on the various parts about to be calculated 
may be figured thereon. 



SECTION II. 

Caloulation of thb Strains ojf thb Various Parts. 
(Embodying Processes IV, V, p. 24.) • 

€•• Approximate Efillmatiott of Ui« Wefsht of the SImetiire. 

1st. If lio other source of information be at hait* (60 A), assume a pro- 
bable weijiht from the data of experience. 

2nd. Calculate a few sections by the formulee, &c., given hereafter, on 
the supposition that the bridge or girder is loaded with the just-assumed 
weight uniformly distributed, and the maximum extraneous load that is to 
be brought upon it. 

3rd. Make a second approximation of the weight from the few sections 
just calculated ; allow a percentage for contingencies (which may vary 
from 5 to 25), and if the total be at all near the first estimate, it will 
generally be sufficiently correct to stand for the weight of the structure in 
the final calculation of the stmius, kc 



* See B. Baker's diagrams and tables giving weights of girders up to 200 feet 
Bpaii. 



26 CALCOLATXOK OF 8TRAIVS. 

MA. ApproxIniUe Wclgrhtii of WroHslil-lroB Girder Railway 
Brl«ive«, 



Single Line of Way. 


For - 30 feet spans 5 cwt. per foot run.- 


„ 60 „ 6 


t> if 


„ 100 „ 9 


»» »» 


» 150 „ 12 


»» f» 


„ 200 „ 15 


If tt 



•1. The weight of ike beam, girder^ (6e., must always he introduced 
into the calculation for the strains. It may generally be cousidered as a 
uniformly distributed (of course stationary) load. Where the load is 
stationary, and also uniformly distributed, (vis., cases •, !•, %5 — M, and 
3S, 44, 47 — M), the unit of weight of the girder- may be combined with 
that of the load proper. But in nearly all other cases it will be necessary 
to regard them separately. 



Planosd Gikdbbs, with Thih CoNTiiruous Wbbs. 

Fig.sejL. 




•9. OlsClnei FuietloMs of the Fiances and tke Well. In pages 
25 to 29 inclusive, the web is considered to take no part in resisting 
the horizontal strains (1), the whole of which will be provided for in the 



Though this is not theoretically correct, the error is practically so small as to 
be disregarded with safety. 

Neither are horizont^ flanges considered to take part in rasisting the 
the shearing forces (l), the whole of which will be provided for in web 
(C4, 80, 191). 

Strains in Flanges Generally, 

•3. Flanges or parts of flanges, perpendicular to the action of the load 
on a girder, have to renst only the bending effect of the load, which 
depends on the moment of rupture (1). 

•4. When, however, a flange or part of a flange is not as just supposed, 
it suffers an additional strain, which is part or all (as the case may be) of 
the shearing force (1), the amount of additional strain depending on the 
inclination of the flange (7ft). 

Thus in ordinary practical cases, where the action of the load is vertical, the 
strain on the flange increases the more it wanders fh)m the horizontal position. 
The extra strain it suffers, however, modiAes proportionally the strain on the 
web (M, 81). 



VULL-WBBBli) Si^IlAIGBY CURDER8. 27 

•5. Nature of the strains. At any vertical section of a girder, the 
strains in the two flanges are of different kinds (4) : — 

1. When the action of the load tends* to make the heam eonpex on 
its lofoer surface, then — 

the' upper flange is in compression (1C8) ; and 
the lower flange is in tension (1C7). 

2. When the action of the load tends* to make the heam convex on 
its upper sur&ee, then — 

the upper flange is in tension, and 
the lower flange is in compression. 

Strains in the Web GeneraUy. 

M. The strains bomtf by the web are the shearing forces (1, 34), due to 
the transmission of the vertical pressure of the load to the points of sup- 
port. Their amount (and sometimes manner of action) are greatly modiflied 
by the longitudinal form of the adjoining flanges (04, M). 



OIRDBBS WITH KARALLBL STRAIQHT FLAVQES. 

Flangee. 

•7. To flma (he AnonmC of ftiraim on either Flaase at aby 

vertical section (•«), — Olviae Che Moment of unptHre, as found from 
the formule or diagrams, pp. 2 to 1 5^ by the depth 4»r the slrder, i, e, 
by the distance between the centres of gravity of the sections of the two 
flanges. 

•8. At any vertical section, the strains on the two flanges are equal in 
amount, but opposite in their nature (65). 

et. The strains in the flanges will vary throughout as the moments of 
rupture (l, S)^ and therefore as the ordinates in the diagrams (5). 

TO. Bt Diagram. — If the ordinate, in the diagram for the case (5), at 
any point of the girder, be made to represent on a scale of parts the 
'strain on the flanges at that point, ^ strain at any other point may be 
measured off from the diagi'am, 

71. The strains are either direct tension (167), or direct compres- 
sion (108). 



* The action of the load on a ffirder supported at both ends, and having its 
lower sarfipce concave (see Plate 10 will lessen the concavity, and so tend to cause 
ooavezity^ • 



OlLOtltillOM O 



nlu *M (S4— SI). 

tban <nie,*tba itruiu u (bund b; (Tt) 



« {pDpw) (KI). 



sixsxu vies onami ob obuqui rusau. 

Flangti. 

». Ta ■>« tfed An««M af HtndB aa •ttker naa«e at U); point, 
— Diridt Ikt mamtnt «/ rupture (rormiiUe ud diagrftnii, pp. 2 to IS) 6y 
U< dqi(A o/tA« girder, the Tertioal dirtanM between the central of gnTitf 
of the aeetiuiu of tbs two fluiges, and mvttiplji tht fuatioie by the ueant 
(IH) o/lA< aiKgUvkieh tht flange, or a tangent toil at Ihepmnt, naiei 
with a luiriiontaL t 

IS. // fjU deptlt of tliA girder varif throHgkmit ai lie mentnti «f 
rttpfuM (1, ST), i.e., u the otdin&tei liiown in the ditgnms for thme 
momsDt* (S), then 

(a), the tffatiu t» the flanga wi72 Miry at Uc leeaMit (see 11, 1S<) tf 
Uu angiee uf iw^vnation to tke horiton. So th&t 

(t), if tht train at a koriionial partt be tnotm, (A* ilrats o< amg 
editr pari May ti fonnd bg mul/iplging ike former ty tht (wonf (Me IT, 
1H> ^ tht OK^ of oKlinatioK of tht latter. 

n. Nan. I'or >b* optrtUaa of nmldpMnB by the Meant of an mngle there 

tna; be ntbititDted •> nometrinl preoeM. IiM 
FiB.ST. AbC ba^rtof •corrrfflBiige. Lei tlia T«ln 



. MoBUnt cflluptiirc «t 8 > ^^ 




■ Ailo"bol"or"tQbiil»r ■ (rirdert. 
f TUi U bat e olOM KppniiiDiftUoii to U 
i WblAirillKanenUrbekttheoaBBvs 



m.* For <hr HtmtH mn Ikr nvb nt nnr VpMlml HnilaH,— FiiiJ 
the shmriiig fot«e (I) dcTeloiied at tLat uctioo {34), and luoJiff it as 
(lirerted b«Juw. 

If at the reitical s«ctiaD the Ban(te id compreuian («ll, Ittt be int^lin^ 
dawo ! fr rn k ' °'' '''* ^*°8^ '!> teDsion b« iaclineil down ' ""^ | , tlie 
nearest puint of mpport, j "".^ f the -vertical couipoaeut of the strain 
in that flange | ''^ I the shearing force. The lign of Ibe mult need Dot 
here be regarded. 

If 3 = strain in flange, 

S = aiigte «'hii;1i the flange or a tangent tn it makea with a 
horiinntal line, ai D K P (&£• 37} ; then, 
S K Sin d = tbe " vertical eoniponent referred to above." 

M. nr<<i»inr<l(H.— DrawaTertiealAB = iheaT- riir.ss. 

ing force. If the llange in fenttbn (M, in) be inclined 
duvo /mm, or the flange in eomj/reamm be inciinetl 
doBD U) the neareat piiint of lopport (ve will guppoie 
the iattercHEe),— DrawCDreprenenliiisboth in direc- 
tion and amnnnt the strain in that flange, aa that a 
hnriiontal druwn through D thnll cut A. Then UA 
vill l« the vertical component of the etrain in CD. 

Again, if the flange in compreition be inclined down 
front, 01 the fiange io lentiuit he inclined dovn fo the 
nearest point of support (we will luppose the tatter cue), — Let it be re- 
presented bjEP. Obtain Its vertical component EB, which should he 
added to A B, in the same war tlat A C wa> anbtracted from it. Than 
C E will be the total reaolting strain on the wefa. fthould the anonnt to 
be subtracted exceed the aani of the original and that added to it, the 
difference tnnat still be taken. , 

81 A. Thentisin taken marthe that nbtainiug when the shearing force being 

abeam »u|)|wrHil nlbotli enils, Ihe mnximnni shearin;; force will be dsrelop^ al 

not b; (Uj, which latter would be need when makiDg the oalcnlaUon for llie 
.rainasfoondbj(»»or 



85. NoTB. It will ohvionslj follow, from the above rnles, that ii 
ginlen with enrved or oblique flanges, the iDaiimDm strain in the web doe 
wt neceiiarilr ocvar when the maximam shearing strain is produced. 



re are not advanced as matheniuicallr acmrat 
ii the effect of carvatore in tbn dan^ea on the sti 



GimcBU WITH Wbm or OrM Buonra. 



M. At Uf Tartiotl Ketiam ofaglnlerllic itraina id tiie two boomi fire 
oppoiit* In kind. (Sea W, vluah alw appiisa here.) 

U. When At girder ia loaded at tha jointo (8t), the iLnin in anj bajr 
of eitber boom ii oonihuit tbronghont ila length, and acta onl; in the 
diraetim of ita leagth. 

••^ A baj eanaat ba in diraot somcBViuoD and tennoD snnlUneaaalj 

(■I). 

BI. WktnmiT ih* load or part ^ tht loni tipe* a girder ii titua/iil 
betveen the (wo txlrtotitif of a%y toy, that ba; moat be onnalilereil aa a 
loaded l>eam, and Uie itraiiia in it oaloaUtad and proTidad for aoooid- 

'"■"■ ». 

.M,. The itrun on anjr braee ia eonatant throngfaoot ita length, and acta 
onlf in tha direeUon of ita length. 

SV. A bnte cannot auBer eompreation and tenaion simnltMieaDaly. 
*M. If two or man ■traim, not all of the lanie kind, be aeUng upon a 
bnce at the lame time, the total actual atnin in the braoe will bo equal 
to Uie algebraical aum of thoae etrwna.* 

•1. Tb« WaMre sf the M**lBa in tha diagonal braoea of ^rden 
■jmnntricalt; loaded will be — 

(a) in all ban inclined down to the neareat anpport — eomprunos (IM). 

{b) in all bars inclined down f^-om the nearest support — Iiiuioh (I*T). 

M. If tlie girder be not ajmrnetricallT loaded, Boma of the ban will bo 
anbject to Btnins of a nature contnr; to that itated in (SI). 

•S. CoBBtcT smlBK.— With a moTing load, aome of tha ban will be 
anbJKb to alraina both of wniprenion and tenaion, depending on the 
poaition of ibe load and the proportion it bean to the weight of ^ girder. 
The itiuu not according wiUi {•!) ia known ai the " counter Mrum." 

Norm. (M) and (M) do not apptjr to aemi-beaml or cantileTera. 



differenoa between the ai 
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94. If the load be brought only upon one boom,* any two ban forming 
an apex on the unloaded boom may be termed a **pair ;"t if these make 
equal angles with the boom they are equally strainecL 

#5. If both booms be loaded, then — 

(a) in a warren (zig-zag or single triangle) girder there will be no 
*« pairs." t 

(6) in a straight lattice t girder,' if the load be equally divided between 
the two booms, bars intersecting at the mid-depth of the girder, and 
making equal angles with the booms, may be termed a "pair," and are 
equally strained. 

CALCULATION BY MEANS OF THE MOMENTS OF EUFTURB (pp. 2 to 16) 
AND THE SllEARlNQ FORCES (pp. 16 to 23X 

•«• iMidM reffHlarly eoBceatrated «S She api«M of the diagonals, 
may be eonsidei-ed 03 uniformly distributed loads {m^ in S v «» 
and 34; when the moments of rapture (1) and shearing ^' ' 

forces are being determined, so long as the eonoeutrated 
load at any apex is equal to half the sum of the supiiosed 
uniformly distributed load on the two adjoining bays. Thus 
the weight at A (Fig. 38; must be =• f that at B, before the load can 
be considered as uuitbrmly distributed. If tiie uniformly distri- 
buted load were on the bottom boom in the fig., the weights concentrated at 
C and D would be equal. 

«IRI>KK8 WITH PA&ALLBL STRAIGHT B00X8. 

•7« NoTB. As the depth of the girder (a constant dirisor in ealculaUng 
the strains from moments) is uniform, the diagrams (4, 5) may be con.- 
sidered to gire strains instead of moments, if the vertical scale be multiplied 
by the number of units of length in the depth of the girder. 

Thus, suppose the diagram bad been drawn to a vertical scale of six 
tons to the inch, and that the depth of the girder was two feet (the foot 
being the lineal unit used in the case), then the ordiiiates in the diagram 
may be considered to give actual strains instead of moments if they be read 
off on a scale of three tons to the inch ; three tons to the inch being a scale 
twiet as large as six tons to the inch. 

Og. NoTB. TlM Deptli of (lie Girder is ike distance hetvfeen the 
centre* of gravity of the cross sections of the booms, and must always be 
expressed in the same units of measurement as the length of span ('« 34). 

99. Warr«^ Girder (single triangle). Isosceles BraelBV, Loaded ob 
Oae Boom Only — for any case given .under Moments of Rupture, 
pp. ^ to Id. 

BooJi8.§— Fqr the strain in any bay (84 — 87) of the unloaded boom, — 
DiTide the moment of rupture O^x'^^ the formulso, or the ordinate in the 



* Verticals Arom loaded bays to opposite apices may be considered to distri- 
bute the loud between both the booms. 

t When two bars are said to form a pair, it is meant that the tamt amount of 
Hie verticai praoure o/tke load it tranamitted through then both, 

t Any gii*der whose web consists of more than one system of trianffulation is 
considered a ** lattice." S See also n. 



82 wumhinxm of n^uiB, 

diagmn, fat Ihe om« 7 to SS) at the oppo«ite apex, bj the depth (M> of 
the girder. For any bay (8A — 87) of the loaded boom, take the arithmetical 
mean (half the earn) of the etiains in the two oppoaite baya of the unloaded 
boom. 

Wbb. — For the atnun on any pair (#4) of diagonals forming an apex on 
the nnloaded boom, — Multiply tiie dieaxing foroe (8 H« in the formnls, or 
the ordinate in the diagram, for the eaee 84 to 59), developed at the apex, by 
the eecant of the angle which the brace makes with a rertical ; or increase 
the shearing foiee (as aboTo) in the proportion of the indioed length of 
the brace to its vertieal depth. For tiie oonnter stnuns (98) from moring 
loads, see (188). 

188. The CMiAt«r BtvaiBs (88) in girders not eoatinnoDS will be given 
hj the smaller ralne of the two shearing forces given in 48 or 4ft, 
or by the onjinates (3ft) to the lines (A K, E B. fig. 80,' or A B, JiB, 
Big. 82^ in the diagrams whi^h accompany those serml cases ; jkhe valnas 
thns obtained being, of course, multiplied by the seet^ (77* 188) of the 
angle between the brace and a vertical, ftud snigeot to indeed all the other 
stipulations made (under ** Web ") for the strains normal. 

181. In eonHnwnu ffirden with moving loadi the counter stiaias are 
indefinite, but may be supposed to act eqaal in intensity to the talnes 
allowed for the regular strains, and for some distance on either side of the 
point of minimum shearing force * (81, 88). 



.188. Warrem GMjer, Isoseeles wr scaleBO BiAelBV, with the 
bToairht Baaaliy «pon Betl^ Booeuf — for any ease given under 
moments of rupture, pp. 2 to 1 5. 

B^pxs.t^For the strain in any bay (84—87) of either boom,— Divide 
the moment of rupture (Mcin the fom i1»/or the ordiuate in the diaaram, for 
the case 7 to 88) at the oppositje apex, by the depth (88) of the girder. 

Wbb. — For the strain in any brace, multiply the shearing force (SH« 
in the formula, or the ordinate in the diagram, for the case 84 to 88), developed 
at the mid-length of the brace^ by the secant (188) of tiie angle which the 
brace lauik^ yfith a vertical ; or increase the shearing foroe (asahove) in 
the proportion of tlie inclined length of the brace to its vertical depth. 

For the counter strains (83) from moving loads, see (188^ I9I)# 

%tlS^ Clllrder with One BysCem of Tertlcnl Btmto mmA Inclined 

Tlea, loaded dther on the top or 

^g' ^' bottom, or both-rfor any case ^ven 

-under moments of rupture, pp. 2 to 
15. 




BooMs.t — For the strain in any 
bay (C D for instance) of either boom 
(84-^87), — Divide the moment of 
rupture (^« ^ the XjotbuIi^ of the <»rdinate in the diagram, for the case 7 to 



* ActoaUy there wiU be eonnter strains for a greater length of the several spans 
than there will be neoesnty practically to provide for them in, as their amoont 
will always be ezceedinKly small nea^* the piers compared with the other straina. 

t This is accomplished when there are verticals at the unloaded apioes. 

I dee also 87. ^ 
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S3) «fe the opposite apex B, b j the depth (M) of the girder. The strain in any 
tiaj of the apper boom in a whole girder (A B, fig. 40, ttit inetanoe,) will be equal 
to the strain m the bay (C D) <rf the lower boom on the mid*span aide of the oppo- 
site apez ; for the moment of rupture will be taken at the same point (hori^on- 
taltar considered) for both the bays. The bays OB and F O are unnecessary for 
an udependent whole girder. 

WaB. — Struts. If the load be only on the upper boom, the compressioa 
on any strut will equal the shearing force (8 He icf the formulse, or the 
ordinate in the diagram, for the case 84 to 5t), developed at the middle 
of the adjoimng hay pn the far abutment Me ; * if only on the lower^ 
then that at the middle of the adjoining hay on the near^aXndmevU tide ; 
and if equaUy on the upper and lower booms, then that deTeloped at the 
stmtitselt 

Ties, For the tension on any inclined tie,— Maltiply the shearing force 
(S4) developed at its mid-length by the secant of the angle it makes with 
a vertical, or increase that shearing force in the proportion of the length of 
the tie to the length of a stmt. 

Counter Strains (•3—101). Ill a girder with the bracing disposed 
similar to that in tl^e %fFQb a inoying load, or a load covering less 
than either half of the girder would' produce tensiqi) ii| some of the 
verticals and compression in some of the diagonals (to estimate which iiee 
IM). This can be obviated by introducing other ties (as H C and H F) which will 
suiTer the tension otherwise brought on the verticals. These ties would, however, 
be useless witii a stationary symmetrical load. 

1«4« Warren Girder with scalene Itraeinir, I^mdea on one Boom 

— for any case given under moment of rapture, pp. 2 to 15. 

Booms, t — ^or any bay (84 — 8T) in the unloaded boom (0 D, fig. 41, for 
instance), — Diride the moment of rupture (M« in the formulae, or the ordi- 
nate in the diagram, for the case T to 33) at the opposite apex(G), by the depth 
(98) of the ginier. 

The strain on any bay of the loaded boom (as E G, fig. 41) will bear the 
same relation to the strains in the opposite bays (H C and D) as its apex 
does to their apices horizontally considered (that is, as the point F docs to 
the points 9 and G). Therefore— 

BF 
StraininBG- Str. inH(7 + ^"v, (str. in D — str. in H C). (See 1«5). 

Wbb. — For the strain in a pair (94) of braces forming an apez on the 
nnloaded boom, — Multiply the shearing force (SHjrinthe formulas, or the 
ordinate in the diagram, for the case 34 to ft2), developed at the middle of the 
loaded bay included between the bars, by the secants of the respective 
angles which they form with a vertical ; or increase the shearing force (as 
above) iq the moportion of the inclined length of the respective braces to 
their vertical d^pth. 

For the counter strains (93) from moving loads, see !••. 

MS. Method or applying the Oiasranu for the Moments off 
Rnptnre to the foregoing cases.t 



* Or the " no abutment" side in a semi-beam, 
t See also 97. 



hich an in reality conMntrsied nt th« nr 



™*je^« oiiiTi™'iJ"dtowTir««d7r ai^b?iSX! 



id iTODld bring on the tpieea la 

Pig.«. 



Phce llie dtii)^m of ibe momenu ol 
•«ippor<J,4o.(l to33)imniedinl«lv9bov8(,., ^, 
■ODtal Kfi\a u the tkeltton eleyminn j03, SB) ol 

. h. o,joB,fh «;««" «r«i^p'f!!,^'?:;^d^tp", 

M(«»EK uidUG'^Bg.*!.) If tbc lines tour fJxn 



„„.„.. i^«°S"=:^S="a«;M;iirj=i 



that ™m «' the inMraei^foMoritevVrUciaViuirdmwn with tV,^,^^, ■ 

given onder " Web " in tlie cmh nbove ' ' ^'^' '" ""^ modiarat™. 

IN Note If all the line, in the diag^i f.r the mement. of rnptow, 

to or froiB which the erd.nate. are directed to ta taken, be .*ro»M th^ 

foaedfro™ thootdm»tei*ken»t the oppo.ite ape,, ly diridtogthe^ue 
of that ordinau bj the depth of the girder (nile*! « be wnTplied ^Ih 
when the latter operation miut, of course, be omitted). 

IM. talti™ UMer «i()l«rf a crn^ral iay, „„rf ,/ „/ ^„ ^^ ^^ 

JyiffBt 0/ Irlamjatation i» f/,e *„// 
ipaii (naABCpKPQ), butan^nwn- 
ber of tnltrmtdiatt ii/tlemi tbiMliil 
BBinirmlr an omr- h^oiu tor am iiibiiI 
dtMiiHce sa fHlhtir elde of ihc uld 
"pnn Isee l»): maj be applied also to 
caaee of eoDUnuouH girden (3»— Ml. 

BouMS.— Place thBdigram («. S, »I) (br 
the moinenls of ruptore (I) for ibe esse 
above (or below) Ihs onUine iriteujli of Uie 
girder (M} a« bi a^ «. 

Draw eborda and tanttents (as shown 

in fig. ) at pointe (C K' 0') eorresponding 

with thediviaioni made bjthe "primary 

trianj(l«s," Two polygona will Ihoa be formed, one by (orinclQdiag'j the 
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ehorda, BDotber bf (or inclndlng *) th« Ungenlo. Por the Btnid in U17 
baf of the unUtadtd boom take ^be ordinate to the drctifiurribtd polygon, * 
at the ceDtn of the b*r ; md for an; bay (as B U) o( the toadul boom take 
th* ordinate to the Aumjoj poljgon'at the oentre of the bay. it the ordi- 
nate! repnaent Uie uuuuMiia ot nptun (4, S, VIJ, diiide this Talne ,b]r the 
depth (ss) of the girder. 

VtB.-'Dmde ^e load per unit of length (34) bj the Dumber of ija- ' 
temi of trianglea {atlw nmnbecoT b^a in UiebaeeitT one or the prlmairtrt* 
ansleal'oc *• iM* nnit oT wdght^ w, ; thna- = vi or - = ■',. IThea for 
the itcaln on any pur (M) of httiea bars, — HnlUplr the aheariDg fore* 
<8 H, Id the formnlK, or tbeonlinHM iii-the aineram— M, 3S.— ealcalMed or 
orautncled irith the new. nnit' w'l,, or <•',,} developed at their apex b; tiie 
Meant of the angle tfaejrmake with a rertical, or iDcrease that Bhearing 
forte in the proportion of the inelined. length of the bar to ita Tertical 



ns. Aht KMIItCfl fICBl-Klrder iMided an Omn KooM mlr. 

Boons. — If the load be eoneentealed, aae IM. IT diiOibnted, place the 
diSKTiilii for Ihe miimenH ot ruplure (4, 1} 

Immediately above (or belowj iba ontJine Fig 49. 

■keteti of ihe Birder (SB). 

Trace oat the syatem of triaDgnlation 
which tenninates fairl; at the eitreniitj 
ot the girder (lee ths^ick linea in the 
Gg.) To the curve of m'omente (4, n) 
draw chords and tangeuta at pcnnta 
( K', D*) eoireaponding to the diviuoDB 
made bj the triasglea jUst traced oat 
(D, E. fig' 43). If necesaaiy Ibr Iba con- 
Btruution, Ihe diagram ma; be conlinusd 
into the abntnCDt. Two poljigoDi will 

thoB be ibnoed, when, whalAter be the * 

Unmber of H^stema of triangalation, — 
For the etrain in an; bay («4— 81) of 
the tuiloadtd boom take the ordinate, 

at the centre of that bajr, to the ekctm$tribtd polygon ; and for ap; bay 
of the loaded boom, to the imcribtii polygon, if ibe ordtnatea repreient 
the momenu of rapture (4, 0, •]), divide their value br the depth of the 
girder (•»(. 

Wis.— If the load be concentrated, see (11*). If diitribnted, diride 
the load per unit of lengih (id) by the nnmber of ajatema of triaogleB 
(stbe number oTbayiin (ho biieof aprinuiTyuiaDglettinflg.iaifortkiiew unit 

of load ( - = v, I, Then fur the itrain on any pair (SB) of bracee forming 

an apex on the unloaded boom, — Mnltiplj the ahearing force {s Hi in the 
formulie, or the ordlnile in the diagnm for ihe caie, caloolated or oonstrQcted 
with Uienncuniiu,— M, 3SX developed at their apex, bf the secant of the 
angle which they (eaeb) make with a vertical, or tnsreaee the ahaaring 
force (an above) in the proportion of the inclined length of the bract to ita 
vertical depth. 

■ Baa note, p. M. 



aa 

IM, UUIIer.Glrdcr, if vhtU, and of mart lAa» (>ra tt/ilemt nf tri- 
tmgUt, tken not viOuiul a ceMral aptx ox ottt or other of the boom* (aeo 
fig. 41), lHdc4 ■Hlltonalr ud c«iiallr Mt »Mk the Bhhiii tw aa 
eaaal DMitmee am eltksF iMe ef tiM MM-ap>B, m>J b« >p|di«il to MD- 






a> (4, 1) ot 



WK.**. 



M moiiWDlaor niptDra(I)iiiini«diUel7 

ra(orbalDw)tl»(HiUlD(i>keU!h(M M) 

ui Lhe girder (wlatbefig., where Uie load 

11» ani^ioHd to ciUnd orcr Uis wbole 
length of Oit Eiider). 
When theline to or from which ths or- 
dlnaloBDitaksD isonrred, dnwchordi 
to it at painta (5' f G' C) corretpoad- 
ing to the aairenl apie«a (on both booma) 
of lb« ajiteiii of (HangDlition which hiu 
uiapeiattlieinidapaa lEPGCinfig.) 
For the (train in any Im; (84 — 81) of 
either boom, take tbe ordinate to the 
polygon,* thai foimed, at the centre of 
that bay. if tba ordinate* repreteni the 
momenta oT rapture (4, S, •!). divide 
their Talna bj the depth of the girder, 
it of length (ir) bj the nambtr of ajilcnii 
I of baji in tbe baae of ooe of tbe primarj' 
ewnnitofload f - = Vi )■ "^^m for the 
llnin in an; lattice bar, or pair + of bare. MDltiplj the abearing force 
(8 H> in the formula, or the ordinate in the diagram for the case— 34, as), 
developed at its or their mid-lengtb, b; the aecant of the angle it or the; 
(each) make with a Tcrtica), or inereaae the ihearing force (aa aboTe) in 
th* proportion of the inclined teogth of braoe to tbe Ttrtical depth. 

■MA. // AiTt It only Tva Syitemt of Trirmgidatiim. Then for the 
-vrtrain in any bay (M — HI) of either boom. Take the arithmetical mean 
between tbe moments of i upture at the two enda of the bay {p and j), and 
divide it by tiie depth of tbe girder. 



WiE.— Divide the load per m 
of briangalation (= the nun 
tri«^le,,_3 in fig. «1) for t 



Strain in any bay 
in the diagram will, liDwerer, give the : 
110. ConeeMtnitcd Load* 



id 



« oirden. If a lattice girdA he 
■nbjeeted to the'aotioD of a concentrated load at ftny apex, aa at D (fig. i%), 
the ayatem of trianglea upon one apex of which the load ia aitnated 
(ABCDBF8, JM.) ahonld be conaidered as coDstituting the uole web of 
the girder — that ia, a* fiir oe tiie concentrated load i> concerDed. for there 
ia aUo the distribnted weight of the girder (81). The itraina from tlu on- 
oantnuad load misht be oalcolsied aa If Uie girder were a warren, and aa if Iba 
Intermediate braong did not exlat. Indeed^ to mQt>dDce other ayatema of 'aiva- 
Blea Ibr a atadOMir conoeanisd load would be an error In ilealen, l 
boam npon which the load is placad be made aaiHeientiy rigid to diaDi 
or Oia prei '^^ . . fi- . 

wonldbeve 



load is piBcad be made aaiHeientiy rigid to diatribate 
adjacent inianwdiate apioea, in wQoh case the at 



HI (II) the Unea A.r andQ B (Sg. IG) m 



uof ndangles betroi' 
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0IRDER8 WITH CUBTED OB OBLIQUE BOOMS. 

111. Any Curved or Oblt^ae whole or Seml-vlrder wtth a Blnvle* 
trlABsalar Web, loaded oa One Boom.* (This will indode nuuiy roof 
principals, bow-strinfir grirders, bent cranes, Ac.) 

Booms.— If alternate braces be vertical, then for the strain in' aaj 
bay of either boom; if not, then for the strain in any bay of the im* 
loaded boom on/y,^— Divide tho momeAi of rupture (m« in the formulae, or 
the ordinate in the diagram (4. 5). for the case 7 to 33) at the opposite apex by 
the lengith of the perpendicular let fall from that apex on to the bay. For 
the strains in the loaded bays, when all the braces are inclined, the best 
way is by the diagram as follows. Place the diagram of the moments of 
rupture, immediately above (or below) the outline sketch (US, 59) of the girder. 
If the Unet in the diag^m to or from which the ordinates are directed to 
be taken be enrved, draw chords at points eorrespondtng to the posi- 
tbn of the apices in the loaded boom. Then for the strain in any bay of 
the loaded boom, divide the valne of the ordinate to the just -formed 
polygoh, taken at the opposite ap^L, by the length of a perpendicular let 
&11 finom that apex on to the bay (191). (See 154.) 

Web. — ^For any braoe^ first determine the shearing force (84), acting at 
the middle of the bay on the loaded boom, which forms part of the same 
triangle with the brace in question. Next, fiind the vertical components (M, 
81) of the stimina in those bays irhl^h mts oppoiite sidsa of a qnadrilateral 
figure^ whoeo diagonal is the brace in question. If either of these bays be 
part of a boom in tension, and sloped as a stmt (91), or part of a bocnn in 
oompression and sloped as a tie (81), add the vertical component of the 
•train in it (almdy found) to the idiearing force first obtained. Again, if 
either of the two same bays be part of a boom in oompression and sloped as 
a strut, or part of a boom in tension and sloped as a tie, iubtraei its 
vertical component (already fonnd) from the result of the last operation 
(the addition, if any), tthe total resulting quantity must then be multi- 
plied by the secant of the angle the brace makes, with a vertical, or 
increased in the proportion of the inclined length of the brace to the vir- 
tieal distance between its ends. If the sign of the resuU he negative ( — ), 
it shows that the nature of the stitiin on the brace is opposite to that 
which its position would have indicated according to the general rules (81). 
If the brace he horizontal^ the shearing force must be disregarded, and the 
horisontal components of the bays substituted foiyheir vertical components 
in the process detailed above. The strain in a^^risontal bay can have 
no vertical component. 

112.' Anjr Carved or Obllane wbole or 8emi-vlrder wltli a sinsle« 
trlanffnlar Web. loaded e^aallr on Both Booms. 

Booms. — For the strain in any bay of either boom, — Divide the moment 
of rupture (M« in the formulee, or the ordinate in the diagram (4, 8) for the case 
7 to 83), taken at the opposite apex, by the length of' a perp^dienlar lei 
fiEkll from that apex on to the bay. (See 184.) 

Web. — As in the last case, excepting that the shearing force must be 
taken at the mid-length of a line joining the centres of the bays^ which are 
two opposite sides of a quadrilateral whose diagonal is the brMe. 

' -- *- 

* See foot note (*), p. 31. 



88 OiJiOUIiATIOH OF 8TBAIM8. 

lis* Ver CmitlBwoMi Givden* and Givdevs Axed a* the Bads, tlie 
foregoing methods may be used in eonneetion with caaes S4 to 33 and 4€ to 
39, provided that the conditions stated in the latter atttdf ImHow (113a) aire 
•omplied with. 

113A. Wherever there is a negative moment of mpinre at (or for 
safety in practice near) the abntments, the girder should be anchored down 
at its extremities. (See foot notes, pp. 13 and 15.) 

114* WixiMkm the Points of Inflexion of Continnons GivdeM.— The 
points of inflexion (!83) may be practically fixed at any part of H continuous 
drder subject to a moving load, hy severing either boom at that part; 
u the upper boom, the ^orts thus seyered most be prevented from coming in 
oontaot. The itructure ia thus resolved tute a teriee of independent giraere^ 
^ itraine upon which ean then be moet feadUy ectUnUaied, 

Fig. 4S. 




KXAMPLB.— In the accompanying fig. (4$\ by eevennR (or really removing) the 
bays of the upper boom opposite and D, A and D B become virtoallv senj- 
girderB, each having to sustain in addition to the distribated load upoiyts length, 
half the total load on G D, suspended at the extremity (11, St). O D is simply an 
independent girder supported at both ends. 

113. i%epointi ofii^lUetwnfMy 5« consuferetl « /red in those con- 
tinuous girders, and girders fixed (or 
^•^- tied back) at the ends, whose depths 

*""""'""'""""'""" vary as (or nearly as) the moments of 

mptnre. The strains in these also 
may be calculated as if the several 
dividons were independent girders. 

If the tension members running down 
from th« teW^cs (as in fig. 46) be made to 
act simply as suspension chains, the strams 
on ihem may be obtained from 153 or 113. 




CALCULATION BT THE COMPOSITION AND RESOLUTION OF FORCES. 
(aPPLICABLB to all oases of OPBK-WSBBBD IH3)EPKID»re aiBDlBS.) 

116. The following principles should be applied to the calculation of the 
strains on the various members of an open girder (discontinuous) 6y (1«0 
finding the reaetum of the eupporte from any wight in the girder^ «wmi 
(2nd) tracing thi$ reactionary preesure throughout tht vartxm parte. 
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117* KMMtlMi •r8«9pmfta* Lei a and b eqiuJ the distanon from tho 
mipporte A and B, retpeeitTely, of the 
eentre of giavity of a load (W) on a ^^' ^» 

beam. Then, 

Pxeinue on A « Beaetion of A » W ^ 




PzemueonBsBeaetionofBs W j. 

In girden, properly lo called, the enp- 
porti are supposed to be capable of re8i8ting.Tertical pressure only. Their 
vesetton ean then only be Tertical, and this mnst be borne in mind.* 




lis. C e i pes i U— as* Rcs«i«ti*A of Vokm. If iwo foroes {ab and 
a e)aetbg at a given point (a), be represented both 
in diieetbn and amoniit by the two a^jaoent sides rig. 48. 

{ab,ae)fd i parallelogram, an eqvlTalent foroe 
will be represented in both direetion and amount 
by thediafl^ (ad) of that paralldogram. 

The oouTeree of this is also true. 

lit* If three forces, acting at a giTsn point, be in 
equilibrium (balance), their direction and amount 
will oorrespond to the three sides of a triangle, if any two of which be 
given, the third mat be found. This trianffle is nothing more than abdoe 

1st* If there be more Uuui ome eomceMtnUed lo«4 oa » sivder, two 

eonrses may be followed : 

The reactions and the strains produced by each weight separately msj 
be found, and the algebraical sum (see foot note, p. 30) taken ; or. 

The reaetion of the piers from the whole load may be worked towards 
the mid-span, the downward, pressures of tiie sereral weights (when they 
are met with), being oompounded with the otiier pressures during the 
progress. See Bzample (lt«). 

The first should be adopted when the load is Tariable— for then the 
maximum resulting strains of either kind on any member may be found 
(IM) ; the second when the load is stationary. 

EXAMPLE^ 
Siraini in a BeiU Girder (Boof Prineipia).^TlBXe I. 

1*1* CcUeuiaHon &y thi ManuiOi tf Suptuf (1 to 38) oncl Shearing ForetiOA 
toM). 

A7 K is half of a bent ffirder whose dear span is 80 foet. The lower boom 
oonsista of chords to a carve <rf96feet radiusi and the upper, chords to a carve of 
6t feet radios. The load is considered as oniformly distribated (regarded 
horiaontaUy) on the upper boom, and=s.8taiisa*ltoa(w) per foot of span. The. 
braces are altomatety vertical and inclined. (Bee 111.) 



* Where the stroctore obute o^otiue the sapports, and those sapports are 
supposed to be capable of resisting the lateral preesare, the stractare is virUially 
an arch, and the reaotbm of abutments mast not be oonsidered solely ss ver- 
tioal. (SeelM.) 
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Straim in the Boomt, — The strain in Uie upper boom if oompresdTe. 
•nd in the lower tensile (W). As the faraoes are alternately ▼ertical and inolined 
(lll)t the strains in any bay of either boom win eqnal the moment of mptnre (1) 
fbr the case (!•) taken at the opposite apex, and divided by the depth of the girder 
taken as a perpendicolar tnm the i^mx on to the bay. (See Plate I.) 

The moments of rapture (M) may be obtained either from the formula 

• ^Mb^(I— ») (%)(19)\, or, from a properly constructed diagram (4, 5). 

The depths (as abore) most be scaled flxmi the oatline aketoh (5S— M). 

The diagnm for the moments as glTsn in !• apply properly to the nnloadad 
boom only ; while fixr the loaded boom, an insoribed polygon is required (111), as 
shown in Plate I. But wherever the -apioea on one boom are yertioaUy under (as 
in the preeent instance) or over thoae on the other boom, it will be evident that 
the only ordinates required from the polygon will be those taken to its angles, 
that is, to the very points where it coincides with the parabolat so .that the 
polygon is nnneceasaiy. 

It will be seen that py drawing the Knes of construction Ibr the parabola, as 
dotted in on the Diagram, there is really no necessity to draw the actual curve. 
(See also note to 9897X0.) 

n,^, , y' M wx((—x) ^Diagram Ordinate 



nHU UAI 


MJjr umi 


' d td 




d 






Bf FormuleB. Bp JHoffram. 




strain in AB 


•1 X 6 X 75 
* 2x1-6 


18*76 
= 1-6 " 


> 117 tons. 


•* 


BG 


•1 X 13*76 X 66-26 
s 2x8-9 


46-63 
a 39 - 


11*6 tons. 


•t 


OD 


•1 X 22*26 X 67-6 
■ 2x6-7 


64-68 
- ll-7 ■ 


ai-3tons. 


»> 


DB 


•1 x 81'26 X 48*76 
■ 2x6-9 


76-17 
" 6-9 = 


: 11*089 tons. 



» 



»» 



** 



*» 



>» 



*• 



•1 X 40 X 40 80 

BFta- 2 X 7-26 ssyljjs 11-084 tons. 

18-76 • 



AGs 


l-9t 


s 9-8 tons. 


GHs 


18-76 • 
2-0 


B 9-3 tons. 


HI B 


46-63 • 
4-6 


- 10*1 tons. 


IJ - 


64-68* 
61 


s 10*6 tons. 


JK a 


76-17 • 
7-08 


» 10*7 tons. 



Straim t» the TFe6.— Th#« values of the Shearing Jtaroas (1, M) may ht 
obtained either from the Ibrmula for the case (46) or teem, a diagnun (8S), the 

^ The moments of rupture are the same as Ibr the upper boom, as the apices 
are at the same horisontal distance from the supports. 

t This ** d^pth" is a peipwidicnlar, let flJl AomB on to AG produced. (See 
Plate.) 
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angle ij D for the bay D B, Plate I.), or by a geometrical oonstraction, as shown 
for the bays DB and I J; for the former, vj is the strain in the bay, and D i the 
yertical component. 

Strain in any brace » | SH + (Teri. oomp.) + (yert. comp.) ]■ see. I. 

atnininFK = *437— *86 ' b — -413 tenfekm.* 

„ KB s (-437 -h *48 - '86) X 17 » '114 tension.* 
„ B J 3 1*3 + '48 — 2-6 B — '82 tension. 

„ J P = (1'3 + 1'4 ~ 2*6) X 2 s '218 tension. 
„ DI =2-2 + l-4--4-3 = — '7 tension. 

,t 10 = (2*2 + 2-22 — 4-3) X 3*6 s '42 tension. 
M GHs 8*07 + 2*22 — 6*2 s — '83 tension. 

M H B a (3*07 + 8*0— 6*^ X 9'6 = — 1*24 tensioll. 
M B G «B Diir. bet. Tert. oomp. of A Gand GH. 
B 8*0 — 8*7 s — '7 tension. 

122* CaZnOfltftea Sy tki CbrnpoftMofi and J?MolHtidi» f^fFcfca (IIC— IM). 

For the data see 191. The weights (IM) on the several apices ot the upper 
boom most be considered as half the load on the actjaoent bays, the load being 
horisontally unilbnnly distribated. Thos at B will be (2*6 + 4*376) X *1 tons 
ss •687 tons 2 and on each of the remaining apices on the upper boom 8*76 x *1 
=r '876 tons. The som of all these weights on the girder will be 7*6 tons, the other 
*6 ton being supported directly t^ the two piers (*26 ton on each, being half the 
load on the outer bay). The reaction (llf; of either pier from the total load on 

7*6 
the girder wiU be j- » 8*76^ and this most be worked iq> to the centre by the 

iqppHoatiop ofO|lS or 119). * * 

At pier A (ilate I.) draw a perpendionlar (A ft) a the reaction of A as above. 
FrodnceABtoa,andthrongh6draw6aparaUel to AG\ A 6a is the triangle 
of forces al A. Then (119) 6 a is the tension in A G j and A a the compree- 
cion in AB. Through a draw a e parallel to G Hj then a «6 is the triangle of 
forces at G; cais the tension in Ga,andc6tha(inG B. AtB there are acting 
the compression in A B, the tension in G B, and the vertical pressure of the 
weight ('687 tons) at B, all of which are held in equilibrium bvB(; and B H. Let 
A d s the sum of the tension (e 6) in G Band the weight atB. Join <itoa; and 




«/, and join/ to a; then/a is the reenltant of the strains in BHandGH; which 
resultant may be reaoLved in the ^Uxeolions of H C and HI; and so on to the 



The inexperienced jnuetiHomr vUl Jtnd ii more eonvenieiU and eafe to 
work hy iheparaXldograme (118) inUead of the triamgUe offorcu^ as the 
natore of the zeaolting stnine is more elMrly ■hown by the fosaam, and 
titere ie alio leit liability to oonfosion. 



Hkhom Of Oalovlatxoh vouvdbd oh vhs PABALunoa&iM Of 

FOBOII. 

Iti^ «em«ml Kaw ef tlia Btratas la the Booaia ef ilevlaoBtal 
Mraltfht Olr««n« The inereme&t of alrain developed at any apex in the 



• i r 



* See 111," web. 



»• 



42 CAiominov of stbahts. 

boom, 18 6qiMd to tbe resultMit of the bonioBtal oprnponeati of the rtnina 
in the two diagonal ban forming the apez« 



Let aft andac represent in diieetion and amoont the strains in tvro beim 

fbrming an apes, one bar beins in eo mp yee s ion, the 
other in tension. Let the yertioajs 6 d and e • be drsvra, 
and throogh a, the horisontal de. Then bd and ct will 
oorreopona to the Iced on the diagonals ft a and ac zespee- 
tlTslj: da and a« will be their honaontat oomponents ; tad 
d4 wul be the inerement of strain developed at a. 

When, howerer. the strains in the bers are both tension 
or both eompreesion, their horisontal oomponents will be 
antsgonistie, and the increment will then be the dUltanBoe 
between them instead of their SDm(ss d «). 

^ Miiieai 6raM Aot MO AoriiMta/ coflipoiMii^ 




1*4. 1%$ geHmral Rmlei ftr hoami amd hraemg (M to W) hold good 
htrtoUo, 



Its. If flM \%mA fee m«t cMi«emtn«e« at tlie apieea, eaeib apex amst 
be eoBsidered to snstain part of the load on the two adjacent bays. If the 
load be uniformly distributed, each apes will snstain half the load on the 
two adjaeent bays. For other diatribationa of load« the pressbre or equlTalent 
weight on each apex mnst be determined from 117. The total loads thus 
Allotted to the sereral apioea wiU be called the '< weigbta." 



UC la this dlTiaion of the work— ' » 
Let a =r Angle made by any bnee with a Tertioal line. Then— 

See. •— lndhi«ftl€f<liafli>»ee ^ ^ 

y«tlMadMi»oebetw«nit«aida ' | ^ 

Tkn 9- Hcri»of mftMctiwtw>«itti«idi | ^lu 



a:- A • Hotiioatal dtotonce be t irewi lt> <adt 
™- •- IiieU]i«dliiitir 



19T. Btm«1it Senil-«tT«ev lMi«e« la wmw mmmmer, 

^mB,— Every weight (l«ft) on the girder U tranewiU^ through ii$ own 
iffttem of triamgUe to the ahutmmt. The locid on any brace is equal to 
we sum of all Uie weights upon its system, between it and the unsupported 
end of the fsttdvt. For the etrain on any bnee multiply the load on it (aa 
above) by see. 9. 

BooHL^By (1*S), — ^The horisontal eompooent of the strain in any 
braee s (atnin in brace) x ain. 9, (IM.) 

1%%^BXAMPLE. —Let fig. 60 represent a parallel straight girder of otherwise 
irregolar oonatraction loaded at three pdnts («/«). The weight of the load aft a 
iaoondnoted along the braoee a ft«d<^thatatc along cdi. If < ife r ep r e sent the 



1C&, Bodntft tba 



romprMrion inci.aaAmi tba inoremeul iit 6. 

ThaloUl OD « il i> ttiiua to W I ud W 1 toMbn'. 

If a B = ttafi lead, a e will equal tbe lanildn im 

-*- indpctheinoreiDeat ate, and -• 

I eqiul(aWi,i/irllleqnal lb 
nd t /'■be Inarcmaal M/. 
«i(IS3)>luMo*i«n{U)ui t'«- 
in d; = uir + l/-t-atnun in ft 
g<t + pc + ttiM in do. Bo lit 
iictn(«)iiio/=aJ; tliiitin/e = 



being eqiul(aWi,i/irllleqnal lbs iteBin In 
J* 0, and t /' Ibe Inarcmaal M /. 
a Th«i(IS3)>beteDaian{U)iii t'« — «» + Ia| 



_ . le Btnln* ba dnwn to a largis loale, Iba 

BHiHiil ma; be obtaiaad qujoklj and aoonrale. 

!>•> Mnlcht Warns B«Ml-Blrder, laeaealu BntelBv, ■•■4«« M 
the BUnailir. 

Wbb.— Stnin (Zjinuybnoe = W>«a. «. . , . (IH.) 

Boons. — Stnun (S) in an; bay of «i(h*r boom, 

8-nWUo. «, . . . (iM,) 
vhen W=the weiglit, and NaiuiuriMC of dlagoiuU b«tw«en ths oenfav of 
(he bay and W. 

lat, BtMlcht W«rT«> S«Ml-«l»4«r, iHHeelaa SrMiHS, lMUl«< ■■■- 
turmir •■ •>« ■sob. Ih.* waiglit on (h« end apei=balf that on tba 
othna(M). 

WiB. — BUiin (Z) In any pdr of diagonal! fonning an apex on the on- 
loaded boom. 

a =-»«•«.<, . . . <«•,) 
when tt = load per nnil of length, and x = nnmbw id unit* between 
tbe apez'and tlie nniopportcd end of the girder. 

BooKB.— The nnin (S) in any bay of the loaded boom, 

S = {«(»-l>+i}*ytan. » . . . {!>«.) 
In any bay of the nnloadod boom, 

S = m* w V tan. «, . . . (iH,) 
where m = nnmbei of the bay oonnted from the oater end of the girder, 
and ^ = length of bay. 



In any diagonal between B aad T, ^^H^^^^^^^^H^^I 

3 = Wj-ae& «... (iM.) 
BooKi.— Strain in dther end bay of tlie longer boom » (naotion of 
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■apport) X tan. 6(117, IM); and if tliii ^aliie be oonndered a qb{% Om 
the itniiie in the bays of the longer boom will be proportionnl to the mnm 
1, 8, fi, 7, &0. ; and in the shorter boom to the series 2» 4, 6, 8, Ice., 
ooimting from the snpporto. Thus tfae ittito intbe fMnMl bi^cif the longer 
boom, from pier B wiU eqoal ^8 W y tan. I ^* 

Wa 5 
strain in the baj oppoeito the loaded apex-- ■ ■ ! ■ ;-^ biing the depth 
(M) of the gilder. *• — r 



isf . If W »e iB tke eottM •c flia «lff«ar, the eMbi (3) os My 

diagonal, 

W 

SI s J see. 6 . . , (Iff.) ♦ 

And the strain (S) on the eentre bay, 



las. Stm^M Waraem «i>«ar, leoaeelee BradMr* with • 



Wbb. — BTory diagonal ezeept the two end ones will be sn)>jeet to eosnter 
stnUns (tS). The maxim nm strain normal on •or pair of braces forming 
an apex on the nnloaded boom, will oeenr when the load is at the inner 
(mid>span) end of the inclosed bay. The maximam oonnter strsin on any 
pair will obtain when the weight is at the outer (near abntment) end of 
the enclosed bay. The ^alnes can be obtained from (181). 

Booms. — The maximnm strain on any bay (84-T) of the nnloaded boom 
is when the weight (W) is at the opposite Mfn. ; iaA on the loaded boom 
when the weight is at the next inner apes. The Talnea can be obtained 
from (isi). 



134. Any Btnldit Waraem «r Kattlee «lv««r (isoeoeleB of seslene 
bracing), with mut ImiA ajnuaotrloallir gtspeseJ «»•«* tlio CoMtra, 

either on one or both booms. 
Suppose, the load collected at the apices, according to (1*8). 
Wbb. — The load on any har will be epuU to the §um of aU tJU wtigkii 

(iSft) on itM tjfetom of UrkmgUet httiem 
"g'^' it and the centre of ike gMtr. Thetfram 

on the bar will equal the load on it^ multi- 
plied by the secant of the an|^ it makea 
with a vertical (19g). 

Let the aooompaaarinff fig. represent half a 
girder, with loads on bothbooms ^nmietrioaUj 
disposed about the centre a. Then the loodon 
t>awiU be half the weight (IM) at a, that on ft « half the weight ate^fipdtiie 
whole weight at ft; that on c c^ the weights at « and ft and half the wdglit at a, and 
so on; /^ will take the whole weiffht at/; i^ tfae whole weight at i; </and i$ 
will not be neoessaiy. (See foot note, p. 46.) 

Booms. — The strains on the serml bays wiU be best obtained from 
the web^ bj the application Kft (19S), bj summing the sevenl inerementa 
(commencing at the outer ends of tiie girder) as nllowa. 

The strain in on is the increment at o. . Bat tfae strain in • a perrades the 
whole length of the bottom boom, and therefore smst be added to all the other 
inerementa inward* (towards the centre of the girder). The seme maj be eaid of 
the strains in the other bejsi so tfaat^straininamaOino. at •)-»>(iao. at a). 




STRAIGHT GIRDERS WITH MOVING LOADS. 
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Sfentin in m { = (ine. kt o) + (iac. at n) + (inc. fttm) = (strain in m «) + (inc. at m). 
llierefore, the strain in any bay is eqyml to the strain in the next outer 
hay ( -h ) fills the increment ai the intermedieUe apex. Note. This appliea 
alao to semi-girders. 

ISS. Any Stmlfrht Warr«n or lattice Cinlcr (iioseelflf or sealeiie 
bracing), with a nnirorinly diMtrllMited Mevini^ I.mMl«* 

Wrb. — The simplest method of obtaining tbe strains and counter strains 
(ts) is by tabnlaiing the strains prodnoed bj each weight separately, 
ii8ins(.l31, '* VTeb*'), which will hold good for other than isoioeloB bracing, 
proWded the sec. 9 (199) is corrected for the varying angles. The oo- 
cfisieBt, sec 0, should not» however, be employed until after the summary is 
made. See example (13« ). 

Booms. — The strains in the booms are greatest when tbe girder is fully 
leaded, and may be most easily obtained from the web by (19S and 1S4). 

13<« Mx^MrLM.—A. B, fig. 5S, is a girder 50 (t.Iong» 10 ft. deep. The lattice bars 
are inolined at angle of 46* witb a vertiea]. 

inie moving load is equal to 1 ton per lineal Fig. Ki, 

foot» s 10 tons at eaeh apex (on the lower 
' boom) (IM). la tabulating the strains, 
only those bars which mcUne in one direeticm 
need be oonsidertt, for the remainder are 
strained similarly and equally. (Thus a, 
fig. 88, corresponds exactly with the bar 
intersecting e, and so on). In the table 
below, + indicates compression, and — ten- 
sion. The nunoriwrs are the loads on the bars. For tho ttraiM, the loads must 
be multiplied by sect 46" = 1 *4. The columns (maximum + ) and (mjucimum — ) 
are obtamed by adding the + values togeUier and the — values together respec- 
tively in eadi horiaontal row. The column (uniform load) is the algebrsical sum 
of the values in the horiaontal rows. 

Tracing the action ef Wi, it is 8een((h)m 131) that in a, fig. 53, there is from it 

aload= W- «i 10 X i? = 8 tons; evidently producing tension (•^); and in e 
I .60 

and 4 there is a load = W~ s 10 x 12 = 2 tons, aa evidently producing oompres- 

l 60 

slon (-f ). And so on for the other weights. 




Ban. 


Wi 


Wi 


Wa W4 

i 


MMi- 
mnui 

+ 


Maxi. 
mum 


Uniform 
Luad. 


a 
6 
c 
d 

4 


— 8 . 
•1-2 
+ 2 


— 6 
+ 4 


— 4 

— 4 
+ 8 


— 2 

— 2 


+ 2 

+ 4 
+ 8 


— 12 

— 8 

— 4 

— 2 


— 12 

— 8 

— 2 

+ 2 

+ 8 



It will be see^ from' the above Table that ban c and d (and of eoarse the bars 
Imdined the other way whioh oonrespond to them) will snflbr strains of both 
tsnsion and oompression.* 



* Case of a railway trsin passing over. 
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137. Non* — Tlie straiDs in tlie web resolting from tbe weight of the 
girder iteelf, must not be calealated nmnltaneooBly and in eombinatioia 
with thoee reenlting from the moTing load. They ehonld be calenlated mm 
for a stationary load (either by 1S4, or by tabulating as above, to form the 
oolamn *' uniform load ").* The Talues thus obtained for the seTeral bam 
should then be algebraically added to eaeh of the eolumns ("ipatimum + ", 
''maximum — ", and ''uniform load*'); and it will be found that the 
modification in the first two will be more advantageous as the weight of the 
girder beoomes large compared with that of the moving load ; for the 
oounter strains (W) will be less, and the amonnt of counter bracing 
necessary will be diminished also. 



13g« AMjr Mralsrht OpeM-bMced OInler, with a 1< 
trically disponed alMml the 4'eMtre. 

Wu. — a. By tabulating the strains produced by the several weights, sad 
taking their algebraical sum ; 

Or, (. By (1st) abstracting the unsymmetrieal parts of the load, and 
proceeding with the remainder by (134), (2nd), ealca- 
lating for the unsymmetrieal part by (l3ff); and (3rd), then 
taking their algebraical sum of (1) and (2). 

Boons. — From the web by (its). 



13*. lattice dlpdeM having their Blmroiial BHm Hxed tearether 
at their Intemectlom may be calculated as if the bars were not so fixed ; 
for this mode of consfcructing a girder " can never add to the longitudinal 
strain upon it ; but by calling into play the resistance of the bars to cur- 
vature adds to the stifiiess of the bridge, "f 



14e« Simple Tmss. — ^Let ABs Z, WGsd, end ^ the sngle between the 

inclined tie and the horixontal. Then.— 

Gompression in AB == t-^ 

W/ 
Tension in A C and C B » -r^ eec f , 

Compression on C W = W, 

W 
If WCrepxvaent H, then AW or BW will equal strain along AB ; and 

2 
AC or CB that in the ties AC, CB. 




* The two methoflH will not f^ve equal results at and about the very point (the 
centre of the girder) whoro tho vahtcs are of the erreate«t.conBC({iienoe. Thiu is 
quite unavoidable ; and tho saTest course (which need be pursuM only in works 
of im])ortancc> is lo employ both methods, and to provide against the greater 
strains. 

t *' Wrought Iron Bridges/' by J. H. Latham, M.A. 
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141. When yFf it not in the Centre, 

Let A W = a> 
•BW = 6, 

f = angle CAW, 
f ' = angle CBW. 
The other notatioBs as before. 



Compression along AB = W ---, 

id 

Tension in AC = W — - sect. ^, 

la 

Tension in CB - W 2Lf sect. ^' • 

la 

Compression en W C = W. 
For the pressures on the supports, see (ii7). 



Fig. 55. 




. (l««,) 



149. If the tnu8 in either fy. 64 or Jig, 55 vftre invertedf the strains ou 
the yarious parts wonkl change in kind bnt not in amount. 



143. In both tiie aboTe eases, the tension on the ties and the direct 
(97) compression on A B would remain the same as sA present, if instead of 
being loaded with the concentrated weight W, a- load equal to (2 W) were 
spread uniformly along A B. 

144. Ck^wpouMd Tmss. — ^A structure of this kind may be regarded 
as compounded of a number of simple trusses (149). The simple truss 
ACB D has to sustain at its centre (C) half the entire weight of the structure 
and its' load. The truss ABCF has to sustain at £ half the total load 

Fig. 66. 




between A and C. AQEH mtst likewise be considered as supportinfr at 
G half the total load between A and B, and so on with the others. With 
a uniformly distributed load on A B, A H E and the three other similar 
trusses would each take ^ ; AF C and its fellow, each \ ; and A D B, ^ of 
the total load. The strains on the Tarious parts can then be obtained from 
<14«). The compression along AB is uniform throughout the whole 
length. 
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Jlxok Bbipom. 



14ft. With • t*kNinm U^wtamttml 

^^ ^y Lei I - length of span, 

r » rise, or Tertine, 




p B horisonfiftl distaaee of any point 
from the erown, 

w ae load per nnit of length. 



Aeohsd Bib.— Oonlpl«iiion at|he crown (C), 

8« 
C&mpreanon at any other point (C) 



^/W 



+ («y)*. 



The expreesUm for C is ftriciily aooorato only when the aroh* ia a parabola,-- 
the oar^e of eqniUbriam ftir the load in qaeation* It xnay, however, be lalely 
uMd in most eases <tf praotioe for arcs of otroles. 

Spamdbil. — If the arch* be parabolic, the only strain on the spandril 
will be the Tertioal pressure of the load. (See foot note f, p. 49.) 
The spandril may then consist of a number of pilUrs or struts (as in 

fig. 57), each sustaining a Tertioal pressure = -^ — nearly; N being the 

N — 1 

namber of i^paees into which the pillars divide the span. 

If it oonsist of a oontinnous web, the compression of it per unit of length 
wilt be equal to v. 

If the iSrcA* be not a parabolOf the strains in the spandril bracing 
may be obtained from M, gl, (for continuous or '* plate bracing**), or ill 
(for diagonal open work), the rib being considered as the ** compression 
boom.*' 

Top Horizontal Mucbui. — WUh a paraioUe arth this member 
(D B fig. 57) simply acts as an immediate support for the load (87). With 
an wrA not a parabola^ th«re will be a strain on it acting in the direction 
of its length, the nature and amount of which may be determined from 
the increments at the apices of the diagonals in the spandril, by the appli- 
cation of the law in 1S3 as illustrated in 184. 



148. With a MoTlBS 

For obtaining the strains on the various parts of a braced arch, subject to a 
distributed moving load, the following method may be employed.t 



* More inroperly the neutral axis, or the line traced through the centres of 
gravity of the cross sections of the rib. 
t Gnven by B. Stoney, B.A. (in " Theory of Strains") ; and others. 
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GonoeiTe the load to be collected into wdgbts at the MTcral apioes on the 
horuontal member, each apex sustain- 

ing half the load on the two adjacent ^^•^' 

bays. The strains produced by each 
weight separately must then be found 
and tabulated, as in 13A, Suppose 
the strains from weight W (fig. 58) are 
to be considered. At W draw the 
Tertieal W D. From the abutment 
A draw A CD through the crown of 

the arch (0) till it intersects the perpendicular at D. Join D to 
B. If the weight W be resoWed (ll») in the directions A D and B D, the 
amounts and directions of the reactions of the two abutments will be found. 
This may be readily done by producing A D to E, and erecting a perpen- 
dicular at B. Then, if E B equal the weight W, D E will be &e reaotioa 
of A, and D B the reaction of B. If the fbimer be traced up from A 
towards the weight, and the latter from B, by the resolution of fisroes 
(118, lit) the strains on the Tarious parts may be thus found ; and the 
same being done for the other weights in succession, the maximum strains 
produced by any position of the load may be derived from a table similar to 
that on page 45. 

If the weight of the structure be small compared with that of the rolling 
load, it will be found that some of the end bays of the hoiisontal member, 
and of the middle bays in the arch, will occasionally suffer tension. See 
also 137. 

X7KBBA0BD AROHKS, 

Or arches whose stability depends upon the stiffness of the rib itselfl 

147. The Ventral Snrfkice, or neutral curre of an arched rib, is a line 
traced through the centres of gravity (9M) of the cross sections pf tbf rib. 

149. Tlic line of Pressnres tf a Une the <frdinaU9 Ut which ffoty at 
the fAomevUe of rupture (1) for tlis locid* 

The line of pressures is given at once in those diagrams (i>p, 4 to 6), in 
which the ordinates for the moments of rupture are directed to be ta^E^ 
from and on the same side of one horizontal line. Whe^e this is Qot the 
ease (as in >• or «l. for instance), the Ordinates must be transfem^ to 
some new horisontal datum. 

The ordliiates may be taken to any scale for ready eomparison with the 
neutral curre of the rib. ^ 

14t. Whenever in any areh the line of preuwree eoincidee with (he 
neutr^ ^rfc^ the arch it «» e^uiUbritunf andi the drain upon it ie 
everyuhere compreeaive.i' 

• W9V MfMomvy and many other ArehesoaseM will be found exoeedinfflyoon- 
Tenieni. The stnictnre and its load ahonld be oonsideiied as made up ofseveral 
small portions, each collected at its centre of gravity. The line of pressures can 
then be obtained by sammin^ the ordinates for a new outline, as there directed. 

t StricUy speaking, the pressore on an arch of other than a thorooffhly inoom- 
pressible material alters the form of the arch; and this atleratian of form, or 
bmdinff action, indaoes strains similar to those found in beams (see 1 and 93). 
The tension on eqnilibriated ribs (18%, 131) is in practice so small (even where it ie 
developed,— for this does not occur till the tension induced by the^endin^ exceeds 
the diz«ct compression on the rib) that it need not be regarded. 

B 
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IM. The Alabllltjr ef an Ar«li incapable of nenUtinm TeasloM is 

aeenre so long as the line of pressnres does not at any point deviate from 
the neatral enrre by an arooont^ the proportion of which to' the depth of 
the rib is given by the Talnes of 9 (153) for variouB forms of eross section. 

Iftl. Whereyer the line of pressures deviates beyond this limit, theris is 
a tention on the rib oa the other side of the neutral surfiAee, increasing witli 
the deviation. 

Iftt. Presswre along ofie edge of an arched rib invariably produces 
tension on the other edge, whatever be the form of eross section. 

153. Limits of the deviation of the line of pressures from the neutral 
surface consistent with there being no tension on the rib ^-^ 

Form cf Orou /Section. Fahu o/q* 

Rectangle ^ 

Ellipse and CSrde ...... \ 

Hollow Bectangle (area = 6 A —h' h') \ ^ ^ . 
also I formed section, 6' being the f , / ^'^''\ /-, ^1A'\ 

sum of the breadthft of the lateral i ^\} "" bh^/'^\bh/' 
hollows. ) 

Hollow Square (area = A» - A'2) ♦ V ■*" p /* 
Hollow ElUpse * V~ 6F/■^V"TAy• 
Hollow Circle ^ V -^ "*" A? y 

b and b' » external and internal breadths ; and 

h and h! = the external and internal heights or depths. 

/ 4 A \ 

I, section alike above and below . ^ ( 1 + . / . )• 

A = area of each table or flange ; 
A' = area of the connecting web. 

154. The above values oi q should be appied as' a test for tension in 

cases of braced arches, and also where the spaiidril 

^^^' ^^' II consists of columns ; for the line of pressures* is 

then in reality a polygon, with the angles at 
the apices on the rib. (See fig. 59.) 




154 A. When an Arched Brldire consists of 
seveiwl unequal Spans, the neutral surfaces of 
all the ribs should be parts of the same figure — 
(generally arcs of the same drcTe, or the same parabola). 



* These values oTq are firom Professor Rankine's " Civil Engineering." 



SDsrKvnoH fisiiMiis. 



Uuw CHiiva.— The onrra wU«b the maim chui 
TciT Bcarlj ft puaboU. 
Let w B lowl on ea^ ohun per nnit of length j 
I = IcBgth of ipan ; 
« = TCTuue, or dcpreuioa of the oh&in ; 



y — hoiiioatal distuioe of aaj point froin the mid-ipan. 

Tendon at eentre, T = — ; p,^ g^, 

At uiy •ther point, 

• ''- (!!)-'_ 

SmriMMNa Bods. — Let If » the 
■nmber of ipMM into *hich the? divide the ipan, then, 

!Fenuon on ueh ~ ~. 

(N-1) 

ToTEHs Aim CovniR-onAna. — The tension on the connter-eliaiQs, 
and the preHureaon tha toweis may be read il; found aa fallova : — Fro- 
daee tfae tangent to the main-chain at the tover (C) till ita lengCh (CD) 
on a Kale of parla, equals the tenaion at that point (fonnd from 
r aboTeJ. ThrOQgh D di»» D E parallel to the direction of the 
eODnMr-chun (C P). Produce the centre line of the tower till it ii>t«r- 
aects D K. Thau (1I8) C E will give the preasuni on the tower, and S B 
the tenaion on the coantet-ohain. 



ISC ouniiKi 

When • MtpensioB bridge eonaiita of aereral spani, the chains of all of 
iheta moat form portions of one and the same parabola. 

The Btndoa on the nholo epana — as B C — will be the same aa in [IBS). 



uumunm ov •nunc 



t b( obMcml. and tbu r - ^ !i— V«w. 9 (IU>, t being itiU Uie 



Mthsr (Ida (u u Kin flc. 01] 

Hm-OKUis. — Tha mm wfaieb owh half of the ebidu nill umma 
will ba a parabola with. iM aili panllet 
*V- <■■ to Uig diieistion of tha aloping rodi. 

Teoeion at mid-apao, T = -^ i »Ji»r« 
(Ml'} U tha total Tertioal load on tba 
leda ; the other nataiioaa a« In lU. 
TannoD at an; other pmn^ 
r - « y eoaee. f ; 
y being the dUtanoe from tbe mid-apan to tha bottom of the alojnng nd, 
at tba top of whish T* ii raqniiad ; and f tha aagla wbieh a tangaot to tha 
ohain makea with tha honaont^ 

Sifivaa Bona. — Teaaian oa anjr red, 

t-Waeo. JS; 
where W ia Hie rertloal load on tha rod (half the load on the tvo adjacent' 
baja) ; and the angle whioh the rode make vlbh a vertieaL 

HoBiioauL HiMBKa. — Tha oompnaaton (c) on tha hoHtwital platfoim 
at taj point diatant (yj from the mid-apan, ia 

For the bwen, aee ISI or IH. 

IH. Smraaaioa Bainon with Motdis J/oam ara anbjeet to m^iH 
diaftgnremMit, to prevent or modi^ *hich laveral mean* have been detiwd. 

IH. (1.) An mtxilUuTi girdtr from pier to [der, aoohored down to tba 
abntjnanta. If thia girder be eontinnoo* br aaoh ipan, iti boom |Bg. 38a) 
for aboat the middle half of ita length mnat b« able to reaiit a atiain 

^^T^ and tha webaehearing (bree of abont -^i w^baiDBtiieinienut; 
gf the monnj; loa4 per anlt of length j 1, tha length of apan, and d tiia 
depth (M) o( the (irder. 
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100. (2.) When the bridge oonsisis of seyeral spans, ^-^Pmn^ (he chains 
to the top of the towers, and considering the latter as semi-girders, 

each one loaded at the extremity with - — , notation as before (159). While 

O V 

the tower is saffiering the strains consequent on the atyplicatiom 6f 
this force to its extremity, there is also a direct compression on it 

= f^w + -^jl. This latter, it most be remembered, modifies the teft- 

aional (4) strains produced by the former. 

1«1. (3.) Inserting diagonal bracing between the roadway and the 
chains. The strains on the yarions parts may in this ease be obtained as 
in 14« ; they will be altered in, kind only, not in intensity. 

i«l A. (4.) A pair of chains of identiccU eurifOlurSf placed 6iie abore 

the other, and haying diagonal bracing between, the ^rehtest shearing ftoee 

,. , ,, , 2w'i 
on which woald be — =— • 

7 

1«1B. (5.) Counter chains attached to the main thains at aboilt } span 

from the abutments or piers, and running down to the latter. They 

— X sec. 9 j; $ being the angld 

between the counter chains and a vertical. 

!•!€. (6.) Inclined straigitt chains, for carrying the platform aild 
the moving load. They extend from the towers, and meet or Intersiict 
each other. They are sustained in the required straight lines by rods, 
which are connected to curved chains, the latter having to carry the 
weight of the straight chains only.* ^he tension on the latter may be 
found from 155. The tension on the straight chains may be most readily 
found by a parallelogram of forces (US). 



let. Afraimemts amd Piers. Girders, properly so called, viz., those 
structures which simplv rest upon the supports, bring upon those supports 
a vertical pressure equal to the shearing force developed there. (See last 
paragraph in 4«.) 

A butments of Arches. The thrust at the abutments of au arch is VsMtly 
equal to the compression in the arch rib at the springing, the value of 
which ii\ay be determined from 145, I4e. 

For the towers and piers of suspension bridges, see 155» tS€, 

Whenever the piers of a bridge consist of columns, their strength a$ 
nccA — their liability to flexure, &c~mnst not be overlooked. (See 1«8.) 



SECTION m. 

DlSTRIBVnOH Of MaTEEIAL to BMnV THB OALOVLATID StRAUTB^ 

(Bmbodying Pro e e s sss o s YI, YII, p. 24.) 

163. The StreBcth ef a StvKctvre, or of any part of it, is its aUlity 
to resist the external forces tending to cause its rupture. 



• Mi. R. M. Ordish's system. 
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1#4. Axlem. No whole is ttronffer than itt weakut part. 

l«ft. Vmirorm Strength. A itractare ii said to be of mufiprm sirengtli 
when no one part would yield before another, suppenng the straetnre to be 
sabjected to the load, or » mnltiple of that load for which it was demgned. 

.In stniotiues noit of uniform strength, all the material in excess of tbat neces- 
sary for uniformity of strengh is redundant.* 

To ttewre wUformity of etrength, a constant eo efficient of safety (179) 
must be nsed for the same material strained in the same way. For beams 
of uniform strength, see 916 — 918. 

!••. Vmits. It is necessary to adopt : 

1. Unit of Strain or Stress ; generally 1 lb. aToirdnpois. 

9. Unit of Sectional Area ; generally 1 superficial inch, 

3. Compounded Unit of Strain and Area ; 1 lb. per sq. inch. 

Let A = area of a section in units (sq. inches). 

S a calculated strain in units (pounds avoirdupois). 

U BB ultimate strength, or breaking weight of the material — 
in lbs. per sq. inch of section. (Por numerical valoesy 
see 931.) 

Oo ss coefficient of safety (179). 

W S = working strain (179). 

Pkimoipal Stbainb to bb jfiT WITH IN Bbidqss, GianBRS, &o. 

l«7. TcBsteM, causes or. tends to cause the fracture of the material 
upon which it acts by tearing asunder its particles. 

The reeittanee to Tension is directly as the area of the cross section of 
the material, taken perpendicular to the direotien of the strain (IM). 

S X Co d 
Area neoenaiy to safely reost a strain, A == — jj — » =x-x« 

l«3. CefeyressloB, causes or tends to cause the fitilure of the mate- 
ria), by cnishing, buckling, or both combincfd. 

Cruthmg. Materials in compression ( ** struts **) can be conndered liable 
to crushiag alone, only when their least diameter (taken perpendicular to 
the direction of the strain) is not more Inan about } of their unsupported 
length, + The resistanoe is then directly as the sectional area.^ 

Area necessary to safely resist a strain, A <■ . ^_ ^ = — . 
' ' WS 

Budding. When struts have an unsupported length equal to about 25 § 
times their least diameter, they may be considered to suffer almost en- 



* It cannot be said that the exoess is entirely useless ; but more on this point 
would be out of place here. 

t Hodgkinson. 

t The resistance to omshing of a body whose diameter normal to the pros* 
sure fieur exceeds its dimensions* in a line with the pressure, is very great» but 
equally indefinite. 

f For wrought*iron struts with riveted joints, from 40 to 60 times. 



^ 



BREAKIVG WIIOHT OF COLUMXS. 
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tirely by being buckled, i. «., crumpled up.* Stmts shorter than this £ul, 
partly by crushing, and partly by buckling. 

1«1I. BREAKING WEIGHT OT COLUMNS. — Pvof, ffodffhinSOfCi fOT^MUlcB 

for ceut-it^n columns. When of more than from 25 to 80 diameters in length, 
Break, wt. = Jlliff !1 for solid pilUrs ; and 
Break, wt. « 44-3 (!i »^ - d'» > ) 

for hollow cylindrical pillars, flat, or firmly fixed at both ends, d being 
the external diameter, and d' the internal diameter in inches, and I the 
length in feet. Columns rounded or moToable at both ends have but I the 
strength of those flat or fixed ; and the strength of those with one end fixed 
or flat, and the other rounded or moveable, is about an arithmetical mean 
between these two eases. 

When of less than from 25 to SO diameters in length, let h be the ralue 
obtained by the above formulse, and c the crushing load of a short block 
(SSl) of the same sectional area as the column, then the corrected breaking 

weight =-nr|7 

« 

Oeneral formula for ihe hreaking weight of Coit and Wrought Iron 
Columnt. 
Let C B compressiTe resistance of a short block of the same sectional area. 

I 
rss^mm length of oolumn divided by the greatest diameter. 



For east-iron. 
For wrought iron. 



B. W. = 
B. W,= 



•68 + -1 r 
C 



85 + -04 r 

Breaking Weight in tont per square tne& of section. 

/ _, . 18,500 

I cast ir— 



iron. 



Bound 



830 + r* 



f wrought iron, ^^ ' . — ,• 
^ * • 2000 + r' 

Square timber. 



850 



860 + r« 

Breaking Weight of timber pillars^ taking the strength of a cube as 
unitg. 



Value of r . • 
Breaking weight • 



1 
1 


12 
1 


24 

i 


88 


48 
i 


60 

n 



* Professor Hodgkin8on« 
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lytu M»o snun ihonld be made wiih a cttM leekiM, wfaieh will 
ji]^ M inevre a eertain aiaennt of rigiditj or atiSomm, mad 

tkuM reaiai the tenden^ to baokle : or they should 
be braoed (eitber eztanally or intemally), and 
tbna diTided iato a number of aborter len^^ilM. 
eaeb of wbieb (aod, ibenlbre, the braoed afemt mm 
a wbole) may be eoneidered aa rafferiaf emablac alone. 

171* W^Munmm oanaea, or tenda to eaue, eentigvona leedoaa of tlia 
material to alide oTor each yig. ««. other (aa at A B, snp- 
poainf tbatDB ippartof a mmma^M loaded beam, A one anpporty 
and B part of the load). ^^^^H Tbe miilaBU to a h ea rin g 
ia direetly aa the area that ^^^^H weidd be iheared. 

Area neeeaeery te eafely ■|H|| tma^ a ahearinf atraiii, 

A S ^ ^ 8 ^ 

Shearing atndna will be ibnnd to aet on the Tortieal web * of eontinnoas 
webbed giraera, and in jointo generally, whiofa aee. 

For Bendmg, bending iniemUieiy wnd the reeietanee of maieriali to 
them, aee 1, and Itl et aeq. 

17t« Ceeflielente of SaHetj are nnmbere repreaentinf the woportiona of 
the nltimato atrength of matoriala to the atraina that ean aafely be broof bt 
npon them. Goeffioienta of aafety may be Tarionaly eotiraated. The fol- 
lowing may, howerer, be taken aa a Mr amperage of the fitetora at preaent in 
nae where the matoriala employed and the workmanahip are ordinarily 
good. 

Ifetala. Timber. ICaaoniy. 

For adead load . . 8 4to 5 4 

ForaliTolcad . . 6 8 to 10 8 

Under dead load may be inoladed all permanent or atationary kada, 
and loada yery gradually applied. 
Under Uve load, all rapidly moTlng, and anddenly applied loada. 



ITS. The lIod«l«a of BlMtlelty (B) (in poanda per eqnare inoh 4Ui 
giTon in tSl) ia the weight (in pounds) required to ebngato or ahorton, by 
an amonnt eqnal to ita Qriginal length, a bar of matorial (of one aqvare 
inoh of erooa-aeetion), and ia on the soppoaition that the elaatieity cdf the 
would remain oonatant throughout the operation. 

atimia (In ftt.) pgr w^. Ineii <m > twar _, Inereis at diminution of lenjrth 
1Cod.or«lM.(lallM.)p«riq.iaeh " (MgliMli«Bgtn«f Um bar 



^ JOIITTS. 



174. Joints ehould tUwaye he ae strong oe tKe parts they serve to Join. 



* In tho paragraphs 69 and 74, the flanaea have not heen rappoBed to take 
part in^reaifituiR the shearing forces (so oalTed from tho shearing strains above), 
any more thaa the web in taung its share of the horisontal strains. (€•.) 






nox toant u> vuniinM, 



■IS. Ktvato oaj fitH in wrenl dUfannt wan dap»diog on tb^ 
«4Eea !■ a joint. Th* h«wl im7 bf ^utm off (u »t C D, «. « 

JtP); or tbe lint ibmj b« rnptnrtd at anj notion (u "■•»■ 

AS) irtwn tb* liTtt ii in tenwtn. 

MS-tiiB tndonalrtnln; Umi <j (diao. of ritet) 

riHnOd not bo iMi tlu« aJ ^£:^ j ^ < V b*»? tb« 
nltimat* nuMuMo (i( dM BWtarial (o»«i«Ion()Si}i m4 CD oi B ? ■bmlft 
Ul bttaiaiaBg^^^^^^il«),lJl»in|b«Uioiiitlmator«iirtM»*e 
loBlicaring(iSl). 
Whonflw riTirthMtor wWarttearipg itnin (8) at AB, daiwtMtt)* 

ICMthu f^J^lJ—^, p btinctlH ultimato abearing mlrtanoo. 



Itl. BaiM,— The dlaiBOtor of a bdt Ibiblo to ibeario^ #t Ao aplodlo 
(a* at & B, Of. OS) mnrt be datsnniiiad from (ITS). 

If the bolt bt ia tenrisn i( *iU Aul Mtber— let, br ibeaHBt off tba 
tfanad ; 'Snd, «r bj (bnilng ejC th« bead t Std, or bj tMetooal nptm of 
tfco nfndk. For a pwfM Uu«(d the heigbt of the got aod of Uw bead 
Aa«ld ba eqnal : bnt to allow fac inaeoiiraeie* of wor^manihip, tbe kefgbt 
4rf tba ant abovld bo riwat twica tbit of the bnd. Tbe beight of til* 
nnt AonM not be leiB than tii« diametci of (be j^indle ; in piaetlee It 
la fraqnoBtl; made aaob mon (ban tbii, 

IIS. TKtdiimtttrof a n»i or \tad^ a iKit, or efihthtad of a riv*^ 
AqhU t« m4 skkA Um than Iwke iliaiofih4 tpmdlt. 

IIS, Pla JolBte IB TeaalaB Ban. — (Saab a* In wmo nipenalon 
ebaina, triangntar girdan, and trnieri) _ ^ 

fm.— Let n 3> the leait nnmber of aeotioDe at « 

wbieh tbs pin mnit be diTided before tbe joint H 

ean UH (i in. fig. 08), a n aeotioiial area of ■ 

pin, and S the tenson on (lio joint, (hea H 

" = -TIiirSsfx?^ The«>effidBQl(m)ihoniabe I 



Wtheitealnin 
XhlL— The Motion of any Unk-lieid taken ■ 
tlnogb the oentie ol the ptn-holo (A B) eboold 

•qnal abODt half ae inaob a^n M that tllian through the body of the link 
(aa C D), 111 oonieqnenee of the inequality in tba diitribntlon of (bo atrain. 



BUtllBIItloa or MATERIAL. 



E F or G H (fig. 66) ; t = tbickoesa of 
, taken tog«th«r (2 or 3, fig. 66), then 



when S ia the straiD on the joiat^ and U the ultimate resiit&uce to 
•hMriog. 
Otntral Side. — Di«meleT of pin iomj be j of the width of the links. 

Sivtted Jaioit in IViuton. 

ISai The mreetlTC or Araliiible B«cUbb of a plato with rivet hol«a 
in it dapeodB apon tiie diipoaition of the 
1«- <?• ritet^ Thiu, in fig. 67, the least wetion 

of plait that oould be taken ia that at 
A A. Bnt before the joint can fail here 
bj the rupture of (aay) the npper plate 
at A A, the thtee liTSta marked a a tt 
moat be ahoni. And it will be found that 
in a joint arranged in thi> waj, the efieetire 
•eetion will be equal to that taktn thnugK 
th* Jint rivet, or Ibtt ofrivtti, aaat BS. 

ISl. The Bectional area of isU the rtveti in a JoiiU taien togtihtr ahotM 
b* ttjaal to the i^edive iteiion of tKe plate. 

The di«tanoe between the oentrea of riTeta which atand in a line (perpen. 
dionlar to the tenaion on the joint) ehonld be made = d + - ('TSSld'n), 



■St. i«p «alB>s maj' bil,— let, from Um toialonal roptare of ths 

effsetiTB aaotion (IM) of the plate ; 2nd, bj ths 
Tig. M. aheaiinf; of the rireta ; Srd, % the ihearing out 

of the orerUpa <A A A A, fig. 68). Tht itna» 
on toArieet = w m"^ ri» ' '"dthej have each to 
be ahors at oneaection onlr(It*). Thediataoee 
between the linea of ii*eta(lSl), (of which there 
are 3 in fig. 68) ninet not be leu tban the over- 
lap required for the riveta in the first row (aa at 
A). The latter niaj be determined from the 
following eqnaUon, 

, B X Co 

' - sTTd' 

in which S = tentioD on the whole jdnt ; n, total namber <A riveta ; (, 
thickneuof plate ; U, ultimate reuetanee of the pLate to (hearing ; Co, a 
auitable ooeScient of aafel; (I I*). 



IS8. Flik JalBti.— When onlf ona oarer or flih-pUte b Dt»d (m Ib 
Sg. flB), tbe eua u Tuiiult; ideotical with two 
aucooniTB Iftp-joints, and can be oalonlated aa f^s- <»• 

Bnch (18»). Whera two oover-pUitaa are em- 

plojed, it U to be borne in mindi ^''*^ befoi'e tbe 

joint iwi ^fii, Mck riret mmt be ehom at (uo 

■eotioiu, ao that the aecUon of eaoh need be bat 

luJf that neMa«ar;r *'^ ■ ^'^ cover-pUto (IM). The thiokoMB of aaeh 

Mvei-plate moat neTBT be l««a than half that of the mun pUlec 

Sivil^d JoiiUi in OomprtuieH. 

IM. In ta»4rtBla tbe effeottTe teotioDal area of the plate ia equal 
to the feat ot aMtioti br liTat-holea, not ooouting 
tiuae wbieh aiu behind txj othen in the Fit- 70. 

dinetioc of the pnMon. Thoa, In fig. 70, the 
«fieetiTe biaiing aeotwa of the pUte i« Ib«t tram 
AtoE 

For the ebewbg atnin (ill) on eaeh rivet 
(lit), divide the ckaiii on tbo Joint b; the total 
anmW of rivota. A lather large ooeffident of 
aafetT(IIlO ahoold ' ' ' 

worknuuuhip will 
Btlain at oertain pointa. ' 

IBS. Ban jBiata (MUf a* fieh-Jdnta in tendon) maj be eonndered a* 
baTing an efiaotiTa teetion equal to the total ieetioa of the pUte ; fbr if the 
rivet* AH Mte holat aa tbaf ihonld, Uure ia haidljr en; loaa of atrength 

The eorer-platea are reqniied aimplj to keep the main plate* in their 
proper ptaitiMM. 

IM. Jointa tdrmti V b*^ ■»*<> oMMr* inaj be ealoalated from lit. 
It ia adrinble that the obUqnilr of the aurbeee to the direotion of the 
Btrain ebould not exceed 4* or S*. 

A&wowt and wrooght iron Jointa art j^Ttn in FbtelL 



1st. A form of Joint hanog been determined, tbe parta at wUeh It I| 
liable to ful moat be {Moed ont, and anfBoient atrength be given te them, 
naiog (las — ill), uid par^nlul; obeerring (IM). 

IM. tmtmUimTtmtiwm.^FuhtdmndieaTftdjomU. FIgi. 71, 72 i«> 
peeent (brai ■ of fl«b-j<^ta. 

In fig. 71 the tanaioD Tlg.n. 

majoanaenptDrealAB, g 
or C C i or at B F otuf 
QH. (£o(& of the latter 
moat fail befn« the joint 
givea way bj the mptnre 
of tbe fiih-ideoeB.) And 
farther, thejointmayftU 
bjtbe ahaaringoffof <JF 
andBQiorofFSandai; arQfEQtndLI[;orofSNaDdOP. The 
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VRA3U or TARI0U8 SBOTIOVS. 



abore ii dimgtfdiiig tlie Bheftrin^ resistanoea of the four bolts shown in ^ 

71, which must be taken into aeeoont 
in a somewhat similar way. 

Fin 7^ represents A joi%t fished with 
iron plates, and also '^stMrfed.** Fig. 
73 shows another form of scarfing. 



Fiff.72. 




Tift. 73, 




18S« Joints 1m €oMvr«ssloB*— 

Surfaces abutting against each other 
should be as nearly as possible per- 
pendicniar to the direction of the 
thrust. Where eonyeDient, fish pieces 
may be used to retain the main- 
pieces in their pn>i>er position; or 

the latter may abut into cast-iron sockets suitably designed. 
On Plate II. are given several forms of joints for timber struetnxei^ which 

can profess only to be suggestive. 

1Mb SlioSII46f«d TeaoB for BUmthtmm Cross to Mabi Beftais*.-^ 

The weight on the end of the cross beam 43 i" Wne 
by the shoulder 0, which is let Into tlie mainbeam for a 
distance equAl to abodt piie-si]|th of the depth of the 
former. The length of tibe teno% D, is about twice its 
depth. 



Ff*r. 74. 




BBAMS OF YABIOUS SBGTIONa 

191« For those beams, girders, and other similar structures, in which 
eertain parts are supposed to resist certain definite strains (•»), and other 
parts, other strains (for instance, flanged girders with thin continuous webs, 
all open-webbed girders, trusses, &c.) see 63 to 1«9. A mbde of pro- 
cedure is there sdopted which would not be thoroughly applicable to 
those beams in which every fibre or particle is considered to take part m 
resisting the beoditig action of the moment of rupture (1), and where the 
whole section is liable to the action of the shearing force (l). 

In Dtngning a Beam — 

19t. Determine the nature of its cross section. • jv j x 

If the exact proportions of the section are to be adhered t^ 
and the area alone required, express all the dimensions of 
the section in terms of one <tf them, that there may be but 

one unknown quantity* 
Thua-HmpposS ih beam to Sttppon a given load is to be reetaa- 
Mia? tHiSttie depth twiMHhe breadth ,tl^ 
and S 6 tt depth. 
If all the dimeniiMiS of the isotton, tacept oni^ be given, that 
one will of course bo the unknown quaotity. Th«n»— 
lia> dubstitute for M, in the equations given hereafter, its value as 
found from the span, manner of loading and supporting, kc., p]X 8 tO 15. 
The dimensioii, or dimensions^ required may then be obtained* Listiy,— 



1*S. TAt iceiglii ef Ai btam iiteJf mm 
extikoeOQi lokd npon it ; tuid nwf b« •ppru 
ceM vioiliu' to thM in C#p 



IM. Tbi Stabiutt or a LaiDio Bun dap«ndi < 



-— = monmt of TMiitMiM (1) of theiMtion. 
= DDnient of mertU of tlio HctioD. 



C = modalui of inptDTe (M^- 

IH. The Kewtrsi Axli (K — A in tbt ■eetioIu^ flgt. 83 — U) ii a 
•ection oftbe neutral anrfkot, — a \\yeT in tbc bMio (ud tha anijr on«) 
wbioh ii Dither OKtendeJ nor >barl«n«d bj the Mtion of the k«d (4). 
^ IM. Prgtided thst the limiu of eluticitjr of tht niM«rial of the bom 
be not exoeeded, tkeittatralatatmll fOM thnugkUu eaUrt of gravity of 
-*t < itetum («M). 



ng.n. 



tM. Vherarcr AOttt tbe npper or lower nirhoa 

of the beam is not perpeodiculkr to tha utiou 
of thelMd, thenC miut homodiecd to (C an.'e), 
t being the inelinMioD of tha moat inclined larfiuie 



uU Birtar*. or b«»m» of iL_ „, 

11 wfaloh the momeau of reeialanoe abonld really be lakw to « 
rf tba baun, ud tba aruai 



wOwrifHlnliw of ii IhantiituiM of IM 

_ , DHon. But itiilMDa tram eiperliiwiiM on 

aniMlinBklacUHUIU«*aliuUiiot*afflclaUTUrt. Aiiuns*t Ui« renaona Oiat 
ban bMD ^Igdcd tar tbU, at^-lgt, that in ai&tton to the nBiUscea of tfaa 
nutMa of tlwMun M k dbwa ttnln, (iMn to louUMr rwlMMiw aiiiiiiK from 
ba lUBal idhMfcRi of &• flbMi to nch oUw, Mntwd Om ~ BoiwUSo* oC 
Vlranra." (8m Barlow on Iba "MMaxth of Uauriala," tth edillon.*) And 
l&d,lbM lo moat meulllo b«am« (•apao&Or wbts oaal) Uia odMt aklii.irbiA la 
atcalnnl nun Uian B07 otlwr pin of tb« aMdon, la ftrj aniA atmoiter (fi-om 
nuoiT mU-kiKFwn caoH*) than iba ttrtngt aaottoo ( wbenaa tf Iba dirael Maelle 
or aompnaaiTa naittaiKa of tha aam* baam. In th« diraotton of ita Icoalb, wov 
balog aipanmantallj aioarulnad, it wonld ba tlw aTansa aeetion at Isaa^ and 
partaiiw tba oantra (miilm) portkn aapaetally, tnm wbsea ihe urannh woald bo 
OBtaminad. Howarar, Ihara ta ertdenU; n nnaai^ to emplor a biKher vnlos 
tbantbattDTtbadlrsotradalancsi nodPnihaaorBaiuiDObuailopuaainoduliia 
Of rniMnn wUcb la IB Umaa tba load teqoirad to braak a bar or 1 iq. inob aecUon, 
aapiwrtad on two poinM ona Ibot aiat, and loaded In tba middla betireen Uie 
anppDita (tSI). 

Itoxntn Of IniTU ahd Bmnisoi 01 Buns or Tiiioos Ssonons. 
Md. Baam of aiolid leotangolar aMtiwi. 



' - -12" - -IT' 




' Cbd* Cad „ 






^ 


hd'-Vd'* 


-• 






9M. Baftu of a toUd orcnlar wetiotL. 




Fip. 78. 

I = -785* r* - ~. 




E-C-r85lr>.^-M. 





* MUadl^W.HanbaT. London 1 Lockwood A 



.iKiMnR* ov tnaiu avb umuvoB. 



1- ■f8M<»*-*"i^ 



SM. BcMD of* «did elliptwal mcUoil 



I = -TSU i ({•. 
B = -7811 C A <{■ s M. 



•M, B««m of » hollow tlliptioal leetiaD. 

I = -785* (6 <P - V <r^. 
■78SiO(tJ-yd'») 



II*. Bmid wibli on* luige. 



I - 1 { 6* + V4f~ {6'-6)<r 



ti uuH ov TAuon onion. 

flil. B<un vitk two miVMl Augat. 



■lt> Bwm irilb two nutqud fltai|M. 
flt-M. 



1 = 4 ( 6 <P - (ft - t) (d - e)" + f .f* - 



f^TMK ftecUvH mtUe up of > onmbar of liniple figni'es. 

Fiad tha nioaieat of ioartia of Mch of tha limpla fignns abont an aiia 
tnTsr^ng ita centM of gravitj pmtlel to tha neutnl izU of the ouaplaz 



Add all tbe ramlti tt^eUior for the momant of inarUa of the whole 
flgnre. 

Let I, x: moment of iDartia of one of the umpt* figott* about iu ovn 
neutral axia ; A iU area ; n the diitanee from it* oeotra of graTitT to 
tbat of the whole tectton (>■*) i and I, moment of inarUa of the whole * 

I - (I, + e' A) + fco. 

Moment of reeiitanoe, B s ~ .... (ist.) 

fll<. Mob 

i«j «f aiBiii 

^ . ., I the Mh power ) 

.4sr J?' H v^'i''?^ ?-" 



PBISKATIO BBAKS OF VNIVOBM BTRBHOTH. 
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Bkams of Ebotaitgulaii Sbotiok ABO OF UKiFORit Strbbotr (!•*). 
SUvatUnu cf Beanu of Conttani Breadth, and Plana of Btamt isf CwMfLoM Jkplk, 

Fig. SS.^Btovatkm. 



91 IK. A semi- 
beam (7) loaded 
with a concentrated 
weight at. its ex- 
tremity. 



^ A B, aparabola, with 
its Yertex at B. 



^ A triangle. 



' A B, a straight line. 



9K. Semi-beam 
(t) loaded uni- 
formly over its en- 
tire length. 



91t. Beam sup- 
ported at both 
ends, loaded at any 
point (13) with 
a concentrated 
weight. 



ABandCB. a pair 
of iMurabolas. with 
their apices at B. 



^ ACandBO, pair of 
parabolas^ witii 
their vertices at 
A and B respec- 
tively.* - 



A C D, B C D, a 

EaJr of triangles, 
avinga common 
base, C D.* 



fA semi>ellipse, AB 



91ft. Beam sup- 
ported at both ends, 
loaded uniformly ^ 
(!•) over its en- 
tire length. 



migor axis. 



AOB. ADB.pairof 
parabolas, having 
their vertices at 
mid-span.* 




Fig. 86.— Plan. 




Fig. 87.— Elevation. 




Fig. 88.— Plan. 




Fig. 89.— Blevation. 




Fig. 90.— Plan. 




Fig. 91. — Blevation. 




Fig. 93.— Baft. 



<»♦>♦«# f 1 » ♦ ' ( 



• The additional material dotted in at the supports is necessary to resist the 
shearmg force (11M;. 



Draw ft dtuDatar. For tha baun who«e nltimata itrcngtli will b* Uie 
(nalMt, triM«t the diuieUr. 9«r th« beam which will d«flec( tha Iran, 
dirida Iba diteiatar into four equal puta. 

Draw parpeadioiiUn to tha diamater a* tbovn, and tlieir interaeetion 
with the ainamfemioa wtU deternuna tha inaeribad reotangla, whi^ ia 
the BBStion of tfaa raqnirad bram. 

ft*. Ts Bad tka Ceatn of SrsTllr (IM) af aar SecOmb 

Lat a^ o*, a", fte.. raprgaent the aeotiopal arra of tfaa nrenl elaman- 
tarj paiti iuto wbioh the leetioii may be deeompuatdj ff, g", ji", ka., the 
known di<taD«ca of thair rMpectiie ooatra of gniTitj A^m ao; Sicd axii — 
uf tfaa lower edge of the b«ua — aod 8, the diataooa from tha lattar to 
tb« Matra of graritj of tha total Mctioti ; then, 



S- - 



» * ^ + t^' + ie. 



DBPLBCTION. 



■11. fararrtr ia an npwaid eumtan, nmilar and equal to Iha maxi 
mam ealoalatad deftaetloii, (tian ia a beam or girdsr or Buma line in it, it 
grdei to Btunra ita horiaantalitf whao fiillj loaded. 



■14. <Mtdar Mppaned M hatk mda. 

Lat D — eentnl deflectlos. 
d •• central depth. 
I B length of apan. 

E « aam of the axtanrioii of ana flao(« or boom, and the ihort- 
aning of Ib« other bj the alraini upon them. 
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K I 
Then D - f~ - 
8 d 

K may be found aa fiJIowi : Iiti 8 » •tnin in IHi. per iq. in. on either 

boom wjien the load prodnoing the deJieetion is on the beam ; B » modalas 

of elasticity (l7S)j I » kncth of boom ; then i; - M^ ± -^J =» length 

of boom after the etnun is on ; and if V eonreepond timilarly for the other 
boom, then I; + 4/ b K. If the boomi be of equal leogth and leetion, 
then K» (21;). 



MS. 

Let d sat dq>th at enpport ; the other notations as before. 
The deflection at the vasopported extremity, — 

2d 

M«. €ontiM«o«s GlWtoM, MMI<mp«en Axod a* •■« or MmOk Bads 

(24— S8). 

When any wlude spaa is analysed it wiU be Men (M to W that it is eqalTalent 
to a whole girder sappoirted at ttie ends, and one or two semi-girders, as ibe case 
nay be. To these the abore formnlie 
(its— 8) may be applied, and the maad- Fig. W. 

mnm delleotton obtained. Thna^ - 

For a girder (aa A B)/aMi alt both 
muU (M— 2«), the defleetioa of the 
aemi-beamsAGandDBatCandDdl 
orffg), added to the deflection of OP 
below its ends, as ol>tained fi-om (it. 
It, or ttd), will be the total mazimnm deflediQii of ^ below A. B. 

Again, for eoiUhivout gkxUn with mmrimg loadi ttt, 8t), (As wMximmm 
d^e9tUm at the middle of a span (B 0^ flg. 25) wUoeeur iimuUoMomiiif 
with the nuuamumpoaiUv0 momeni ofr%phMrt (Ma, page 14), at vhieh time 
the points of contrary flemre will l!e at M, M| (fig. 25), whose positiona 
may be determined either from the diagram, or formulm. In tkt outer 
D/MMw o/oMiHnaotM^frders^ and m girdan Jixed at one end and nk/iporied 
only at the other, the deflection at the middle of the part eorreaponding to 
a whole girder simpiy supported (see tt, tt), may be found by adding the 
oenttai deflection of the latter as such (it, ttd) to half the deflection uf • 
the remidning (sami-beam) portion (11 or 225). 




BRBAKING AND SAPB LOADS FOR BUIDaRS, GIBDBBS, BTO. 

ttY* In the whole of the foregoing pages it is supposed that the span, 
load, and other data as for as necessary are given, in order to find the 
resulting strains, and the quantity of material to resist them. 

22S. Ta flB4 tlie iMid (breaking or safe) wkea the awamtltj of 
MataMal, SpMi, #c„ ava slvea, is simply an iivTersion of the former 
calculationa. 

For Butumal area ef material, eHbitUute an equiM^ 0ram, breaking 
or safe according as breaking or lafe load if required* 
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BABAKIIIO AXD BAWM WAOB, 



Tkm mtcirtttm tkt load thai wwld produce that Hrainf and that will 
bo tilt load required. 

Xewkomborimg that if tke otnudtmto ho not of uniform olrtng^ iha 
droff^ of the woaiBui part ditermmeo Ike ekmgth of ike vahoU (184). 



880. SXMinM L— What load, at the eentre of a wTooght-inm, single-webtjed 
or plate girder of uniform etrength (188X md of tlie followmff dUnenaloDS. woaid 
oaaee the mptnre of the girder.— Length of epan, 80 ft. ; central depth <87( 78Jt 
1-8 It; eAeaTeeeotion(189) of the lower flange at the centre, 4 aq. in. ; iron of 
aTerage qoaUij (8S1>. 

Aa the girder la of nuUbrm etrength^it mattera not what part ia oonaiderea, for 
the aane leenlt would be obtained. 

Lower flange will be in twi t^q n (88— '1). 

UWoiaie etmgfh of average wroogbt iron plate C|S1), 66,000 Iba. pMr aq. in. 
aq. in. Ibe. Ibe. 
4 x88,000 s 880,000 as breaking etrength of lower flange. 

Thtoflrom (If and 87) strain on lower flanges — • 880,000 lb. » -2-^^^* 
Theriflwe W = 55!S? ^ *-ii-i^ » 68.000 lb. - 28-4 tone. 

888. jrx^jmv n.— Beqnlred the greatest safb (178) load nniformly diatribnted 
on a reetaagolar beem of Britaah oak projecting flrom a wall. 



« • • 



Length of beam a 8 ft v 72 in. 
Breadth „ . ■« 6 in. 
Depth „ •din. 

Taking ooef« (178) aa 6; (88S) aa 10,000. 



(8t8.) 



(881.) 



w2* 
(« 86. 






(1. 188.) 



• • • 



S6(w0 



168,000. 
^600 Iba. 



OxCo 

10,000 X 64 X 8 

8X6 
168,000 



(8*i.) 



8 tons. 



831. Tabui Of THB SrawaTH, jco., ot Mitbrials ib Pounds Avoibbvpois 

PBB SqOABB l50H 07 SSOTIOH. 



• 


J7Uim4iU B— itfimgf to 


XoJhOHtef 
JBUuiicitg. 




^ 


CotiWPt^ 


s^. 




ICVTALB: 

Braea, (^ast 


II III 1 

§§ tu § 


10,800 

•*• 
110,000^ 

110,000 


••« 

87,700 


•*• 

•«• 
.*• 

40.000 


1 III 


( 4B7 
• to 
( 684-4 
688 

|6t8 
(668 

444 


M Wire 

Copper, Rolled...^ 

Iron, Caet 

„ American beet 

M 9% OlfWOgO 



* The specific gravities may be readily fbond when it ia known that a oablo fbot 
of water weighs 68*6 lbs. 



^,— aa^dbdHi 
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RUiraTH, Jec., ov jutksxals. 
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VUimuiUMi 


vMwiM to 








M.^ 






JTmIwIimi/ 




4 


xviMioM. ^jxnir" 


BabMHMf. 


CVMt 












MMfiwn, 








"MmXAMi—COlU. 














I 

J 


ron, Wrongfat .. 
M •• Bar 


( 64000 

to 

I n.ooo 














»• M t» •▼wag© 


66.000 


100000* 


60,000 


• •• 


88,000,000 


460 






41,000 
to 
I 71.000 


86,000 


• •• 


4^000) 






1 f 9 ff Jt^SIMi • • • • 


to 


• 


> 


86>000^000 




1 


40.000 


—• 


... ) 






Im m ,m aTwagf 


66«000 












doable riTeieat 


40,000 
62,000 












•• •• /J?ij 


84000) 

88.000 r 


... 


• •• 


••• 


16,000,000 




••MM OitPlW • • 














' 17.0001 

to V 

1 134000) 










/ 487 




SUdBMs 


160,000 




. 




to 








120,000 


••• 


80,000,000 


I M 




•• t, average . . 


os.ooo 

80,000 














Tziubb: 








' 18,000* 








Ash. 


16,600 
11,600 


8000 


1.400 

• •• 


to 


1,600,000 
1,WO.OOO 


47 




Beach 


8,000 


.14000^ 
8.000 
to 
118,000) 


48 


_ 






9%» ^«- 

ISIrO& ..*.•«..■■•. 


16,000 


6,800 
10,000 




11,700 


],600;000 


44*4 






|o,o«r 


• •• ^ 


• •• 


8,000000 


60 




Oadar 


11.400 


8,808 

10,600 




7.400 


488^000 


80*4 




Bfan 


lt,000 


1.400 


/ 6,000) 
to • 


1,000,000 
700.000 


84 






( 600 


I 8.700) 
6,000 


88 




Mr 


18,000 


6,600 


• to 


io 


to 


to 










li.no 


^ *<>•!!? 


8,000^000 


48 




iUbogutj^ • 


•( to > 
I W.000 


•,ono 


■>. 


A to • 

1 11.600) 


1,600,000 


( ^ 

' 10 

i 68 






r 10,000*) 
to • 

. i«,ooo. 






10.000 


800,000 


48 


ptfr,XBglUh .... 


lo,roo 


8,800 


• to 


to 


to 










(W.600 


1,700^000 


68 




M Amarioan .. 


18.000 

' 10.000 

to 
I 16,000) 


6,000 


••• 


10.600 
(18,000) 


8,000,000 


64 

i 61 




Taak 


18,000 




< to 


8,800,000 






• •• 


(18,000) 




Hbm^bv Cabum 


6.000 













* It it difflcnlt to eedmata the oompressiTe raaf atanea of diott bloeka of wrought 
iron, aa the material balm yery mnch ander preasora. 

f One and two rowa of nTeta (181). Joinu of eqnal Motion to the ptaitea takon 
throagb the line of riTeta.*~From nomeroaa experunenta by W. Fainainu 
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fSt* YABzovi mmoM ov DBAwnra Takldojjji, sub Bask amd HiioBf 

L (FktO m, iig. 1.) Bt 0KDIVATB8 OB OrfOBSI IROX A YAV«m (B D) 

90 ram paxabola ax m TBiti(Bx(D). 

Throngb D cbrBw D B pBrallol and eqnal to A C. The ordiiiaiet or 
ofiots Irom toy pointi in p B to the puftboU will be proportioiial to tlie 
•qiittres of the dlBtanoet of thoee pouts from J>. T^^um, if tiie ordii»te ftt a 
be ly tiien the ordiBBte ftt 6, twice the diitanoe of a from D, matt be 4 ; 
thftt ftt e^ three timei the dleteaee^ mvet be 9 ; and bo on. To prooMd 
pcBOtioally : Divide B D into » Bumber of equal parts (») as at a» (, ^ ko.^ 
fig. 1 ; then if B A be dirided into (n') parts* each of these parts will be 
the reqoired vnit, 1 of whieh is tbe of&et at a, 4 at ft, 9 at e, and so on. 
Throngb the points tdV. ^^ fto., thus detenuined, the required enrre eaa 
be drawn. 

IL (Plate m., fig. 8.) Br obbihasbs ibox thb basb. 

Bitide the baiie (half of whieh is represented by A Q into an even 
nnmber of eqnal parts ;> (ihea if the height or ordinate at oentre D borre- 
qpOBd to the square of hidif t}ie nnmbsr of those perts (9x8 = 64), the 



• The terms heiglkt (or ordinate at oentre) and base have been need 
instead of absdssa for ttie fiyrmer. and dooble^ordiitate for the latter, that the 
parabola mic^ appear in albore simpila U^t than perhaps it otherwise would 
have done. Any h^ght oen be adopted for the parabola} oonTonienoe for 
sealiBff oir themoments (BX Ao*f iMing alone stodied. 
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ordinate at any other jpoixit (d for Initance) will be represented by tLe 
prodttdi of the n ambers of parts in the two segments into which d divides 
ifae base (4 x 12 = 48). The parabola may then be drawn through the 
e:&tremitie8 of the ordinaMRi. 

III. (Plate IIL, fig. 8.) Br trb ooRST&ucrroR ov a diaoram. 
Draw D E parallel and equal to AC; divide D B and B A similarly ; 

the end B of B A corresponding to the end D of B D. Throngh a, i, ftc, 
in £ D, draw a a, 6 6, &e., parallel to D Join to the sereral points 
a* b\ &c i in B A. The parabola will pass thi*ough thd intersection of a cr 
with Da^ 66 with D^, &c 

KotB» If this mode of constmotion be adopted when the ordinates are 
required at certain points only (and this will generally be the case in 
practice), the actwU enervt n»td nU he drawn^ after the poind it pauee 
through have been deterwinid, 

IV. (Plate III., fig. 4.) Bt tHt oovstrvotion or a diagram. 

On the base A B describe an isosceles triangle, whose height G B is 
double that of the required parabola. Diyide the two sides A B, E B of 
the tiiangle into an even number of equal parts, and draw lines as in the 
figure. These lines will be tangents to the parabola, which may therefore 
be readily drawn. 

V. (Plate III., fig. 5.) Bt miaIts or a strikck 

Draw E D equal and parallel to A 0. Join C to P. at the bisection of 
B B. Make C F G a right angle. Let F G iiitei-sect the production of 
C D. Make D E*= DG, ftarailel to F D ; H H is a ** straight- edge,** 
against which slides the *' set-square '* S. A piece of thread or fine str^ig 
equal in length to the distance A E is fixed, one end at E and the other 
at the point M, in the set square which will traverse the base A C as 
the set square slides along. A pencil, P, by which the string is kept 
tight, and close to the edge of the set square, will describe a true 
parabola. 

To DRAW A TANOiNT TO A PARABOLA AT AVT POIKT P. (Plate III. , fig. 6.) 

Draw P C perpendicular to the axis B CI Make D B •== DC. Join 
B to P, and P £ will be the required tangent' 

■ ■ . I ■ I , , , 

• E is the*' focus "of the parabola. GG' the directrix. 
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